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SUMMARY
Host-bacterium interaction in experimental pseudotuberculosis 
infection in guinea pigs was investigated. Quantitation of the 
pyogranulomatous response induced at the infection site revealed 
a biphasic (perhaps triphasic) pattern. The first peak observed 
within 5-9 days after infection (depending upon the dose) was 
attributed to a non specific response of the body while the 
second peak seen 17-21 days postinfection might be due to a 
specific antibacterial immunity. The responses induced at the 
primary and challenge sites could be modulated by various 
treatments including altering the dose and timing of the 
challenge.
Reinfection occurred , although at reduced level, when 
previously infected guinea pigs were challenged at about the time 
of the second peak of granulomatous response. Immunity was 
evidenced by apparent failure of the challenge organisms (a 
double antibiotic resistant mutant of the parent strain) to reach 
the secondary infection sites (local lymph nodes and internal 
organs) due either to failure of dissemination or prompt 
elimination because of the ensuing immunity.
The present study gave evidence that administration of C. 
pseudotuberculosis in guinea pigs results in a systemic, possibly 
bacteraemic spread of the organisms which is probably 
irrespective of the route of administration. It was difficult to
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demonstrate bacteraemia by blood or organ cultures except when 
animals were given very large doses (10^  cfu) by the i/p route. 
In rabbits following administration of a large dose by the i/p 
route two peaks were observed: the first occurred within 30 
minutes while the second was observed between 30-60 minutes. No 
organisms could be detected after 2 hours. Bacteraemia almost 
certainly occurred in guinea pigs following oral infection, as 
evidenced by the localization of the organisms at sites 
inoculated with tissue-damaging substances (calcium chloride , 
powdered glass/sand mixture, incomplete Freund's adjuvant and 
Tween saline) within 2 hr of oral infection. The method 
described for inducing secondary localization of C 
pseudotuberculosis in the present study could be adopted as a 
model for other bacterial diseases where metastatic lesions are 
important in pathogenesis.
Immune responses to Ch_ pseudotuberculosis infection in guinea 
pigs as observed in the present study are discussed with 
reference to other facultative intracellular bacteria of 
veterinary importance. Implications of the findings in natural 
disease of sheep and goats are discussed with suggestions about 
the future directions such studies might take.
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CHAPTER 1 
GENERAL INTRODUCTION
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1.1 INTRODUCTION
Corynebacterium pseudotuberculosis (Preisz-Nocard Bacillus) 
is a facultative intracellular organism which causes classical 
caseous lymphadenitis in sheep and goats and ulcerative 
lymphangitis in horses. The pathogenic role of this organism is 
not confined to these two specific diseases, it has been 
recovered from a wide variety of lesions in other animals 
(Benham et al.,1962). Caseous lymphadenitis (CLA) in sheep and 
goats often occurs as an almost inapparent infection 
characterized by discrete caseating abscesses, usually in 
superficial lymph nodes but occasionally in the visceral form of 
the disease, internal lymph nodes are involved, with overt 
manifestations and sometimes death. American workers suggested a 
possible role for the disease in "thin ewe" syndrome (Renshaw et 
al., 1979; Stoops et al .,1984) and adverse effects of the 
infection have also been recorded in dairy goats 
(Burrell,1981). There have been a few reports of human infection 
due to C. pseudotuberculosis (Battey et al.,1968; Blackwell et 
al., 1974; Henderson, 1979).
The disease has assumed considerable economic importance in 
areas where intensive husbandry of small ruminants is practised 
(Maddy, 1953; Ashfaq and Campbell, 1979). CLA is widespread in 
Australia, New Zealand, Brazil, South Africa, Sudan, Nigeria, the 
United States, the Middle East and India. The disease may result 
in economic losses in a variety of ways. These include loss of 
the entire animal due to wasting or rejection of carcasses when
visceral lesions are present (Stoops et al.,1984), a decrease in 
reproductive efficiency (Gates et al,1977), production losses 
when abscessed lymph nodes interfere with necessary functions 
such as milking (Burrell,1981), labour costs and drugs involved 
in treatment of abscesses and devaluation in hides because of 
flaws (Figuereido et al.,1982).
1.2 HISTORY AND NOMENCLATURE
There is some confusion in the literature about the first
description of an organism resembling pseudotuberculosis in 
1888 or 1889 by a French veterinarian Edmond Isidore Etinee 
Nocard. However, there is general agreement about the first 
isolation of this organism from renal abscesses in sheep (Preisz 
and Guinard , 1891 ). Preisz described it in detail in 1894, 
labelling it Bacillus pseudotuberculosis ovis. Nocard (1896) 
described an organism in the pus of lesions of ulcerative 
lymphangitis. The bacillus had similar characteristics to the 
organism described by Preisz and Guinard. Lehmann and Neumann 
(1896) introduced the generic name Corynebacterium for the 
diphtheria bacillus and diphtheroid organisms. As they had not 
studied Preisz and Nocard’s organism, they did not alter the 
generic name but grouped it with Corynebacteria. In 1911,
Buchanan suggested dropping the subspecies designation, making it
simply Bacillus pseudotuberculosis. Several investigators had 
observed the distinct diphtheroid morphology of the organism and 
in 1918, Eberson suggested it be classified as such, renaming it 
as Corynebacterium pseudotuberculosis (Preisz).
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With the advent of Bergey1s manual, some of the discrepancies 
were put to rest and the organism was named as Corynebacterium 
ovis (Bergey et al.,1923). The name pseudotuberculosis was 
dropped as international rules do not allow the use of binomial 
names. The name C. ovis was considered unfortunate by Carne 
(1939), because the organism occurs in species other than sheep 
and other Corynebacteria both pathogenic and nonpathogenic are 
found in sheep, either associated with pathological processes or 
living as saprophytes on the surface of the skin or in the gut. 
This confusion was cleared up in the 6th edition of Bergey? s 
manual (Breed et aJL., 1948) when the present name
Corynebacterium pseudotuberculosis was adopted. Today C. 
pseudotuberculosis is the correct term, but C. ovis is also 
commonly used and very occasionally Preisz- Nocard bacillus.
1.3 MICROBIOLOGY OF C. PSEUDOTUBERCULOSIS
The genus Corynebacterium was created essentially for the 
diphtheria bacillus and a few other animal pathogenic species 
(Lehmannand Neuman^ 1896). Members of the genus are often referred 
to as diphtheroids and are non motile, non spore forming, 
straight to slightly curved Gram positive rods, often with club 
shaped ends and show a segmental or granular staining; they 
demonstrate a snapping kind of division resulting in angular or 
palisade arrangements with characteristic Chinese letter 
configuration (Wilson and Miles,1975). The heterogeneity of the
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genus was very evident on the basis of cell wall composition 
alone, as was noted in the eighth edition of Bergey’s manual 
(Cummins, 1974). However with the investigation of mycolic acid 
structure, menaquinone content and fatty acid composition among 
other things two important conclusions have emerged (Collins and 
Cummins,1987). (a) The genus Corynebacterium, sensu stricto,
should be confined to species that are characterized by the 
presence of arabinogalactan and meso-DAP in the cell wall, 
containing mycolic acids of chain length between 22 and 36 carbon 
atoms, dihydrogenated menaquinones with eight and/or nine 
isoprene units, predominantly straight chain saturated and 
monounsaturated fatty acids and that have a mol% G+C content of 
51-63. (b) That there is strong chemical similarity between 
species at present assigned to Corynebacterium, Caseobacter, 
Mycobacterium, Nocardia and Rhodococcus. The narrower definition 
of Corynebacterium means that many organisms traditionally 
assigned to it are now in other genera. Corynebacterium 
pyogenes and Corynebacterium haemolyticum have been assigned to 
the genera Actinomyces and Arcanobacterium; some species like C. 
equi have been transferred to genus Rhodococcus.
On the basis of lipid content in the cell walls, the 
Corynebacteria are often grouped with Mycobacteria, Nocardia and 
Rhodococcus as CMNR group (Barksdale,1981). The best 
characterized of these lipids in all four genera is an alpha 
branched betahydroxy fatty acid, commonly known as mycolic acid.
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Lipids have been implicated in the virulence of Mycobacterium 
tuberculosis. Mycolic acids of Mycobacterium spp. have the 
greatest number of carbons (60-90); those of Corynebacterium 
spp. which are known as corynemycolic acids, are the shortest at 
C22 to C36 (Collins et al.,1982). Rhodococcus and Nocardia 
species are intermediate with mycolic acid chain length of 30-64 
and 64-69 carbons respectively.
On blood agar, C. pseudotuberculosis forms yellowish white, 
opaque, convex colonies with a matt surface, about 1mm diameter 
in 24hr, often with a narrow zone of haemolysis around the 
colony; Lovell and Zaki (1966a,b) demonstrated a cell free 
haemolysin in 9 out of 11 strains ; haemolysis is much enhanced 
by diffusible products from C. equi and C. renal e 
(Fraser,1964). Because of the high lipid content colonies appear 
waxy and spatter when placed in a flame and the hydrophobic 
nature of its outer layer causes C. pseudotuberculosis to grow 
as a pellicle in broth. Cell wall lipid accounts for as much as
11.3 per cent, of the dry weight of the bacterial cell (Ioneda 
and Silva,1979).
C. pseudotuberculosis is a facultative anaerobe and most 
strains produce acid from glucose, galactose, mannose and 
maltose, variable results have been reported for lactose, 
sucrose, xylose, dextrin, arabinose, mannitol, glycerol and 
starch (Came, 1939; Jebb,1948). Recent systematic studies have 
indicated that much of the variation in the biochemical reaction
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of C. pseudotuberculosis recorded in the literature is due to 
methodology (Barksdale, 1981; Sulea et a_l. , 1980). C.
pseudotuberculosis can be distinguished from other similar 
Corynebacteria (e.g. C. diphtheriae, C. ulcerans, C.xerosis) 
by being pyrazinamidase negative, urease positive and failing to 
hydrolyze laundry starch (Muckle and Gyles, 1982).
Two biotypes have been recognized on the basis of nitrate 
reduction (Miers and Ley 1980). Strains isolated from small 
ruminants are nitrate negative while strains recovered from 
horses invariably reduce nitrate (Knight,1969; Biberstein et 
al.,1971). These nitrate reduction differences have been 
correlated with serological differences in a gel diffusion test 
using antigen extracted with sodium deoxycholate (Barakat et 
al.,1984). Recently correlation of nitrate reduction differences 
with the results of restriction endonuclease analyses of 94 
strains of C. pseudotuberculosis obtained from different parts of 
the world, confirm the existence of 2 biovars (Songer et 
al.,1988).
Cell free filtrates of most strains are lethal to guinea 
pigs, mice, rabbits, and sheep. Crude toxin causes intense 
cellular and fluid exudation (Jolly, 1965a; Came and Onon,1978). 
Besides its lethal effect, the toxin is haemolytic (Burrell,1979) 
and dermonecrotic (Doty et al.,1964). Haemolytic activity is 
apparent below pH 6 and haemagglutinating activity at or slightly
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above pH 7 (Burrell,1979,1980a). Toxin potentiates the action of 
staphylococcal delta lysin (Lovell and Zaki,1966b) and inhibits 
the effects of beta lysin of Staphylococcus aureus (Fraser,1961). 
The latter property of the toxin has been exploited in the anti- 
betahaemolysin inhibition (AHI) test for detection of antibodies 
to the exotoxin(Zaki,1968).
The exotoxin is phosphatidylcholine phosphatidohydrolase, 
better known as phospholipase D; it breaks down sphingomyelin, an 
important membrane component, into ceramide phosphate and choline 
(Onon,1979; Linder and Bernheimer,1978; Carne and Onon,1978). 
Purified toxin is not haemolytic (Linder and Bernheimer,1978) but 
some workers state that haemolysis will occur if the process is 
aided by chilling or decreasing the pH to less than 6 
(Burrell,1979). The toxin of C. pseudotuberculosis is very 
similar to a toxic enzyme found in the brown recluse spider, 
Loxosceles reclusa (Bernheimer et al.,1985). Chemically it is a 
glycoprotein with an aminoacid composition resembling collagen 
(Onon,1979). Estimates of molecular weight vary from 14,500 to 
32,000 (Onon,1979; Bernheimer et al.,1985; Hsu et al.,1985). 
Toxin is found in the cytoplasm and in smaller quantities in the 
cell wall. It can be harvested easily from broth culture 
supernatant. It is inactivated by heat at 75C for 15 minutes 
(Lovell and Zaki,1966b) or prolonged storage (37C for 2 weeks or 
25C for 3 months), or acid or formalin treatment (Came, 1940).
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The phospholipase D of C. pseudotuberculosis acts 
synergistically with toxin of C. equi (Bernheimer et al.,1980). 
The toxin of C. equi is phospholipase C and it further degrades 
the ceramide phosphate produced from the cleavage of 
sphingomyelin by phospholipase D. This property has been used in 
the identification of the two species and constitutes the basis 
of the synergistic haemolysis inhibition test (Knight,1978). All 
strains of C. pseudotuberculosis examined to date produce 
exotoxin (Carne,1940; Burrell,1978a; Muckle and Gyles, 1983) and 
exotoxins produced by the different strains and two suggested 
biotypes are antigenically similar (Came, 1940; Doty et al., 
1964). There is conflicting evidence in the literature about the 
amount of exotoxin produced by a strain and its virulence. Some 
workers did not observe significant correlation between exotoxin 
production and severity of subacute disease in mice (Muckle and 
Gyles,1983) while others reported that strains with the highest 
level of toxin production were the most likely to produce 
abscesses in sheep (Burrell,1978a). Recently in a study involving 
94 strains of C.pseudotuberculosis procured from different parts 
of the world, the authors were unable to find an isolate which 
did not produce phospholipase D (Songer et al.,1988). Two ovine 
isolates, believed to be nontoxigenic, produced exotoxin, 
although in smaller quantities.
Strains of C. pseudotuberculosis are sensitive to some of 
the bacteriophages used in typing C. diphtheriae, although none 
of the strains tested fall exactly into any of the C.
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diphtheriae lysotypes; strains of C. diphtheriae are sensitive 
to bacteriophages from C. pseudotuberculosis (Carne,1968; 
Maximescu et al.,1974). Strains of C. pseudotuberculosis have the 
ability to produce diphtheria toxin if lysogenized by suitable 
bacteriophages (Maximescu et al.,1974).
The antibiotics to which C. pseudotuberculosis is sensitive 
include ampicillin, chloramphenicol, lincomycin, gentamycin, 
tetracycline, penicillin G, and sulfamethoxazole- trimethoprim 
among others; the organism is resistant to streptomycin (Ashfaq 
and Campbell,1979; Muckle and Gyles,1982). Aqueous solutions of 
creolin (1:25), cresol (1:50), calcium hypochlorite (1:100), 
formaldehyde (1:30), and freshly prepared calcium hydroxide 
killed C. pseudotuberculosis at room temperature (20+5C)in 2- 
6hr, 10-30 minutes, 5-20 minutes, 5-30 minutes, and 5-10 minutes 
respectively, on animal house surfaces free from organic matter 
(Ismail and Hamid,1972). When organic matter was present it took 
formaldehyde solution and calcium hydroxide about double the time 
and the other disinfectants 3-9 times as long to kill the 
organisms.
1.4 ANIMAL DISEASES CAUSED BY C. PSEUDOTUBERCULOSIS
The role of this organism in diseases of animals has been 
reviewed by Benham et al (1962) and Smith (1966). In addition 
to causing two specific diseases i.e caseous lymphadenitis in
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sheep and goats and ulcerative lymphangitis in horses, the 
organism is capable of producing chronic lymphadenitis and 
abscessation in a variety of animal species.
1.4.1 pseudotuberculosis infections in ruminants
In sheep and goats the organism causes caseous lymphadenitis 
i.e abscessation of lymph nodes. In both the species generally 
large lymph nodes are involved but occasionally a visceral form 
of the disease is seen when abscesses occur in internal lymph 
nodes, lungs, liver, kidneys, brain and spinal cord (Maddy,1953; 
Renshaw et al.,1979; Hein and Cargill,1981). The latter form of 
the disease is less frequent but more severe. In sheep the 
precrural lymph node is most commonly involved, followed in 
frequency by the prescapular lymph nodes and then by other lymph 
nodes with equal frequency all over the body surface 
(Ayers,1977). It has been observed that there is a greater 
tendency for multiple internal nodes and visceral organs to be 
affected in sheep (Renshaw et al.,1979; Hein and Cargill,1981; 
Batey et al.,1986).
In goats the lymph nodes of the head and neck, particularly 
the parotid and the submaxillary lymph nodes, are most commonly 
involved, followed by the prescapular and then other lymph nodes 
confined to the anterior portion of the body (Campbell et 
al.,1982; Ayers, 1977). Lesions of the head and neck are rare in 
sheep and differences in the location of lymph nodes involved in
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the two species can be attributed to a different mode of 
transmission of infection.
Morphological differences in abscessed lymph nodes have been 
recorded in sheep and goats (Ayers,1977). In sheep, the abscessed 
lymph node has a characteristic lamellated appearance with 
concentric fibrous bands separated by caseous material 
(Jensen,1974). In goats the onion ring appearance is never 
observed, and the contents of lymph nodes are pasty rather than 
dry. It has been suggested that enzymes of phagocytes in goats 
are more liquefactive (Ashfaq and Campbell,1980). The organism 
has been associated with " thin ewe syndrome" in the United 
States (Renshaw et al.,1979) and occasionally recovered from 
scrotal lesions in rams (Williamson and Naim, 1980), arthritis in 
lambs (Marsh,1947) and. cases of reproductive failure in ewes 
(Mostafa et al.,1973).
In cattle the organism has been isolated from cases of 
purulent infections, mastitis and lymphadenitis (Purchase,1944; 
Adekeye et al.,1980; Kariuki and Poulton,1982; Barakat et al., 
1984). Other ruminants showing lesions due to this organism are 
several species of deer (Daines and Austin,1932; Humphreys and 
Gibbons, 1942; Stauber et al.,1973), dromedary (Domenech,1980), 
big horn sheep (Foreyt and Jessup,1982) and buffalo (Khater et 
al.,1983).
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1.4.2 pseudotuberculosis Infections in non ruminants
Among the non ruminants, the organism causes a specific 
disease in horses known as ulcerative lymphangitis. It is a 
chronic infection in which lymphatics of the limbs and lower 
abdomen become inflammed with ulceration along their tract 
(Lovell,1959). The onset of infection results in pain and 
swelling of limbs and later lameness. This typical disease 
condition is now rare in horses. In the western United States, 
the organism has been associated with a syndrome termed " 
chronic ventral abscessation" characterized by formation of deep 
abscesses in the pectoral and abdominal regions, forearm and 
gaskin, with occasional dissemination to distant sites (Hughes 
and Biberstein, 1959). The problem is endemic in certain areas of 
the United States and soil contamination has been suggested as 
one of the factors but attempts to isolate the organism from soil 
were unsuccessful (Knight,1969). An increased incidence of this 
disease has been observed following the period of maximal insect 
activity but attempts to recover the organism from trapped flies 
and insects failed. The organism has also been recovered from 
cases of mastitis, abortion, infertility and genital infection 
in mares (Monteverde and Garbers,1954; Rumbaugh et al.,1978; 
Miers and Ley, 1980).
Purulent infections due to C. pseudotuberculosis have been 
recorded in other non ruminants viz. swine (Naglic et
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al.,1978), antbear (Roth and Vickers,1966), hedgehog (McAllister 
and Keahey,1971), cheetah (Boomker and Henton,1980) and the 
primates, both human and non human (Benham et al.,1962). Most of 
the human cases were profession related, occuring in sheep 
herders and abattoir workers (Brown and Olander, 1987).
1.5 EPIDEMIOLOGY OF CASEOUS LYMPHADENITIS
There is no evidence in the literature about occurrence of C. 
pseudotuberculosis in clinically normal sheep. Two biotypes of 
the organism have been suggested on the basis of the nitrate 
reduction test (Biberstein et al.,1971). Most of the strains 
recovered from horses, cattle, and buffaloes are nitrate positive 
while the strains recovered from small ruminants are invariably 
nitrate negative (Barakat et al.,1984). Inoculation of an equine 
origin strain into goats caused lesions typical of CLA, these 
were grossly and microscopically similar to those caused by a 
nitrate negative biotype (Brown et al.,1985). It has been 
suggested that epizootiological factors and different mode of 
transmission might be keeping the two biotypes separate; insect 
vectors may have a part in spreading of disease in horses (Miers 
and Ley,1980), by contrast insect vectors have only minor, if 
any, importance in caseous lymphadenitis of sheep and goats 
(Brown et al.,1985).
Caseous lymphadenitis of sheep and goats is widely 
distributed throughout the world. It is widespread in Australia
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(Williamson and Nairn, 1980; Batey, 1986c), New Zealand (Benham 
et al.,1962), areas of Africa including the Middle East and South 
Africa (Cameron, 1972; Nadim and Farid, 1973; Nagy, 1976; Addo 
and Eid, 1977; Seddik et al.,1983), South America (Unanian et 
al.,1985; Brown et al.,1987), and the United States (Renshaw et 
al.,1979; Ashfaq and Campbell, 1979; Stoops et al.,1984). The 
disease occurs more rarely in many counties such as Canada, 
Spain, Italy, France and other parts of Europe (Benham et 
al.,1962; Richard et al.,1979; Muckle and Gyles, 1982); it does 
not occur in Great Britain though the lesions have been observed 
in imported carcasses of frozen mutton.
Reliable information on the incidence and prevalence of the 
disease is scanty. In Australia it is the most prevalent disease 
of sheep and is regarded as a leading cause of monetary losses to 
the sheep industry. Data gathered from abattoirs revealed a 
prevalence of 58 per cent. (Williamson and Nairn,1980). Recently 
in western Australia which has an average sheep population in 
excess of 30 million, a total of 8,711 sheep in three distinct 
age/sex groups were examined to determine the occurrence of 
caseous lymphadenitis. Frequency in slaughter population was 
estimated to be 3.4+0.6 per cent, for lambs, 41.8±3.9 per cent, 
for mixed age rams and 53.7+1.5 per cent, for the adult ewes 
(Batey,1986c). An increased frequency of disease with age was 
observed ; visceral involvement was found to be more extensive in 
rams than in ewes.
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In the western United States, CLA is the third leading cause 
of carcass condemnation of sheep at slaughter, following 
emaciation and pneumonia; for every carcass that is condemned for 
CLA, ten pass at inspection with abscesses cut out (Maddy,1953). 
CLA of goats is widespread in the United States. A survey of 200 
commercial goat herds involving more than 4000 goats revealed 
maximum incidence at 4 years of age, 22 per cent, of animals at 
this age had abscesses (Campbell et al.,1982). One Australian 
review involving feral goats recorded the prevalence of infection 
as 7.5 per cent. (Burrell,1981).
Small ruminants and horses are believed to be infected by 
contamination of skin wounds (Seddon,1929; Knight,1969). Though 
soil contamination plays an important part in epidemiology 
attempts to isolate the organism from soil met with little 
success (Knight,1969). In Australia in an earlier study it was 
shown that the organism could be recovered from soil from sheep 
camping grounds heavily contaminated with sheep manure (Bull and 
Dickinson, 1934). However the organism could not be recovered from 
the same soil after a severe summer or frosty winter. Most of the 
earlier studies using different sources of microorganisms led to 
conflicting conclusions about the survival potential of this 
organism outside the host. It has been shown that C. 
pseudotuberculosis survives for long periods in soil contaminated 
by pus (Knight,1969). Zaki and Hamid (1972) reported that the 
organisms survived outside the host from 1-8 days when cultured
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bacteria were inoculated onto feed, bedding, soil and water. The 
bacterium could be recovered from purulent discharges placed in 
shaded areas for up to 20 weeks (Nairn et al.,1982). 
Experimentally the organism has been shown to survive up to eight 
months in soil samples inoculated with pus and kept at ambient 
temperature (Augustine and Renshaw,1982). In axenic purulent 
exudate the organism was observed to survive longer (3-55 days) 
on particulate fomites e.g wood shavings, hay, straw and faeces 
as compared to inanimate surfaces e.g plastic, wood and steel (1- 
8 days) (Augustine and Renshaw, 1986).
1.5.1 Transmission of caseous lymphadenitis
There is some doubt as to the method by which this organism 
gains entry into tissues of animals to produce lymph node and 
other abscesses (Batey,1986b). Contamination of superficial skin 
wounds during shearing is believed to be of primary importance in 
transmission of infection in sheep (Jensen,1974). The organism 
was first demonstrated in purulent shearing cuts by McGrath(1929) 
using guinea pig inoculation. Application of purulent material to 
fresh shearing wounds resulted in abscesses in 26 of 30 sheep and 
appeared to confirm the long held suspicion that infection occur 
through the shearing cuts (Nagy,1976). Infection could also be 
established by placement of broth cultures on unbroken, recently 
shorn skin with 7 out of 21 sheep developing abscesses in local 
lymph nodes (Naim and Robertson, 1974). It was also observed that 
transmission of CLA could occur if sheep were exposed to 
contaminated dipping fluid within two weeks of shearing.
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Transmission in Angora goats, as in sheep, is thought to occur 
primarily due to the contamination of shearing wounds with 
purulent exudate from ruptured lymph nodes or with common 
barnyard fomites containing infectious microorganisms (Augustine 
and Renshaw,1986). The major methods of transmission in dairy 
goats are thought to be by ingestion from a contaminated 
environment and by environmental contamination of head wounds 
resulting from head butting (Renshaw et al.,1981).
Experimentally, numerous other routes of infection have been 
tried in sheep including intradermal (i/d), intravenous (i/v), 
subcutaneous (s/c) and intravaginal (Cameron,1972; Nagy,1976; 
Brogden et al.,1984a). All of these methods resulted in 
abscesses in lymph nodes. Intravenous administration resulted in 
disseminated visceral abscesses with the majority in the lungs 
and thoracic lymph nodes (Brogden et al.,1984a). Drenching of 
sheep with culture may lead to infection but as a rule lesions 
are found in the lymph nodes of head, neck, lungs and rarely of 
the superficial body lymph nodes (Woodruff and Gregory,1929; 
Seddon,1929).
The role of arthropod vectors in transmission of CLA has been 
explored and no correlation was observed between severity of tick 
infestation and prevalence of disease in four different native 
breeds of sheep (Nagy, 1971). The possibility of CLA being
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transmitted by the sheep ked Melophagus ovinus was investigated 
experimentally in New Zealand; although every endeavour was made 
to favour infection by the parasite, none resulted 
(Hopkirk,1930).
Inhalation appears to be relatively unimportant but thoracic 
lymph nodes and lungs are the most commonly affected organs in 
the visceral form of the disease both in sheep and goats. In a 
survey of 4,089 mature culled sheep in western United States, 25 
per cent, of the animals had lesions in either or both of these 
locations (Stoops et al.,1984). Similarly in Australia a survey 
in feral goats revealed that 29 per cent, of them had abscesses 
in mediastinal lymph nodes, bronchial lymph nodes or lungs (Hein 
and Cargill,1981). Frequent involvement of the respiratory tract 
when internal lesions are present suggests that the respiratory 
route may be a portal of entry. Experimentally, intratracheal 
administration of C. pseudotuberculosis resulted in 
disseminated pulmonary abscesses (Nagy, 1976). Pulmonary abscesses 
are also observed following i/v or i/d routes of inoculation. 
Studies in sheep following application of the organism to unshorn 
skin revealed that interstitial abscesses in lungs arose 
concurrently with the lymph node abscesses suggesting a 
haematogenous spread (Nairn and Robertson, 1974).
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1-6 PATHOGENESIS OF CASEOUS LYMPHADENITIS
Pathogenesis of caseous lymphadenitis in small ruminants is 
not well defined and has been the subject of many investigations 
(Jolly,1965 a,b,c; Nairn and Robertson,1974; Batey,1986a). The 
distribution of lesions in sheep and goats suggests a different 
mode of infection and it invariably results in abscesses in local 
lymph nodes and occasionally in other visceral organs 
(Maddy,1953; Campbell et al, 1982). Most of the early studies on 
pathogenesis of the disease in sheep were inconclusive because of 
inability to reproduce natural disease. Subcutaneous or 
intravenous inoculation of broth cultures or pus exudate resulted 
in an atypical form of the disease, associated with toxaemia, 
haemolysis, arthritis and death (Woodruff and Oxer,1929; 
Cameron,1972; Nairn and Robertson,1974). Guinea pigs (Dickinson 
and Bull, 1931) and mice (Jolly, 1965b) have been used as 
experimental models of the disease, the former being highly 
sensitive to the infection. Another problem in studying 
experimental disease was the difficulty of standardizing the 
inoculum for infection. Due to an external lipid layer 
(Hard,1969), the organism has a tendency to clump in suspension. 
Various methods were being used earlier to obtain homogeneous 
suspensions and these included the agitation of bacterial 
colonies from solid medium in an emulsifying agent and culture in 
a liquid medium containing a low concentration of bile salts 
(Bull and Dickinson,1931) or continuous agitation of liquid 
culture medium during incubation and freezing to obtain 
a homogenous suspension (Cameron and Minnaar,1969). Most of these
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methods affected the viability and sometimes, perhaps, even the 
virulence of the organism (Cameron and Minnaar,1969; Batey, 
1986d).
More recently, other techniques have been reported for 
infecting sheep. These include direct application of purulent 
exudate or cultures to intact skin (Nairn and Robertson,1974), 
inoculation into afferent vessels of the popliteal lymph node 
(Husband and Watson,1977; Burrell,1978a), and intravenous 
inoculation of a 6hr culture grown in medium containing 0.1 per 
cent Tween 80 (Brogden et al.,1984a). Most of these methods 
result in abscesses in lymph nodes and internal organs mainly 
lungs. In topical applications of the culture it is difficult to 
define the dose. Batey (1986a) studied the experimental disease 
in mice and special attention was given to cultural conditions in 
an attempt to standardize the size and the metabolic physiology 
of the inoculum so that the variability in the progress of 
infection might not be attributed to such factors. Both bacterial 
factors and the host response contribute to protracted 
pathogenesis of the disease. Cell wall lipids and exotoxins are 
thought to be two major virulence factors of C. 
pseudotuberculosis (Jolly,1966; Burrell,1978b).
1.6.1 Role of cell wall lipids in pathogenesis
Lipids occur as a floccular layer (as revealed by 
transmission electron microscopy) outside the cell wall
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(Hard,1969A) and are responsible for clumping of the organism. The 
leukotoxic activity of the organism has also been attributed to 
surface lipids (Carne et al.,1956). The high lipid content allows 
the organism to resist digestion by the cellular enzymes and 
persist as a facultative intracellular organism (Hard,1972). It 
is this property of the organism which eventually results in 
abscess formation. In an in vitro study with murine macrophages, 
Jolly (1965c) observed that infection of macrophage monolayer 
with C. pseudotuberculosis resulted in uptake of usually single 
bacterium. Multiplication of bacteria commenced shortly and 
several generations could be completed within 5hr. Infected 
macrophages showed degeneration when the number of bacteria 
reached 30 or 40. The free bacteria were phagocytosed by other 
cells and this resulted in the formation of a plaque of dead and 
dying macrophages in the monolayer. In an ultrastructural study 
of the macrophages from mice, inoculated intraperitoneally with 
C. pseudotuberculosis, viable organisms were observed within 
phagolysosomes (Hard,1972). A narrow peribacillary space and 
crenation in the limiting membrane of the phagolysosome was 
attributed to some toxic substance on the surface of the 
bacterium. Murine macrophages when exposed to the extracted 
lipids of the organism, revealed cytotoxic effects as observed by 
the dye exclusion test, glycolytic activity and ultrastructural 
morphology (Hard,1975). In a similar study using caprine mammary 
macrophages, C. pseudotuberculosis remained viable within the 
macrophages. Despite the phagosome and lysosome fusion the 
organism survived and the macrophages underwent degeneration
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within 24hr.
A significant correlation has been observed between the 
ability of a particular strain to produce abscesses in mice and 
the amount of cell wall lipids (Muckle and Gyles,1983). Similar 
results have been reported by Burrell (1978a), who observed a 
positive correlation between lipid content and the ability to 
produce lesions in the popliteal lymph nodes of sheep. Cell wall 
lipid extracts are limited in their effects to local 
cytotoxicity. Even large doses produce no evidence of systemic 
toxicity in guinea pigs which are otherwise highly susceptible to 
viable organisms or exotoxin (Carne et al.,1956? Hard,1975).
1.6.2 Role of exotoxin in pathogenesis
Exotoxin is the second important virulence factor produced by 
C. pseudotuberculosis. Various biological properties have been 
attributed to the exotoxin, mainly as the result of studies of 
culture filtrate (Carne,1940), however , its significance in vivo 
probably relates to its phospholipase D activity (Soucek et 
al.,1971). When injected subcutaneously into rabbits and guinea 
pigs it causes an extensive spreading haemorrhagic 
necrosis(Came, 1940). Jolly (1965a) observed that crude exotoxin 
increased the vascular permeability in guinea pigs and mice and 
the antitoxin had the ability to retard transport of organisms or 
their multiplication in lymph nodes. A highly toxic potential of 
the exotoxin was reported in gnotobiotic small ruminants (Hsu et
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al.,1985). Inoculation of live organisms, culture supernatant or 
ion exchange purified exotoxin, resulted in severe haemolytic 
anaemia, haemoglobinuria, jaundice, dark red coloured fluid in 
body cavities, pulmonary oedema and haemorrhages and oedema at 
the site of inoculation in goats. Carne and Onon (1978) observed 
that sphingomyelin from sheep and rabbit aortae could be degraded 
by the exotoxin into ceramide phosphate and choline. He concluded 
that the exotoxin was important as permeability factor and that 
the resulting leakage of plasma from small blood vessels at the 
site of infection increased the probability of spread to regional 
lymph nodes.
The relative contribution made by exotoxin and cell wall 
lipids in the pathogenesis of disease was considered by Zaki
(1976). Mice receiving viable C. pseudotuberculosis cells 
developed abscesses throughout the body, while mice receiving 
this same suspension mixed with antitoxin developed abscesses 
only at the portal of entry. Intraperitoneal inoculation of broth 
culture in which the organism had been killed and the exotoxin 
destroyed by autoclaving, boiling, heating, formalin or phenol 
treatment, resulted in abscesses in the peritoneum only. The 
author concluded that the cell wall lipid was the pyogenic 
factor and that the exotoxin was not involved in formation of 
abscesses. This is in contrast to observations made by Burrell 
(1978b), who reported that strains with the highest levels of 
toxin production were the most likely to produce abscesses in 
sheep.
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1.6.3 Early host response following infection
During the first 1 to 6 hr after i/p inoculation of C. 
pseudotuberculosis into mice, macrophages which ingest many 
bacteria undergo extensive degeneration (Hard,1972). 
Polymorphonuclear leucocytes were abundant from postinoculation 
hours 5 to 20. Degenerated macrophages and polymorphonuclear 
leucocytes were less abundant at 20 hr, but recovery was evident 
by 3-4 days. The cycle of phagocytosis, multiplication of 
organism and cellular degeneration provides the basis of chronic 
lesions observed in CLA in sheep and goats. Experimental 
infection in the popliteal lymph nodes of sheep involved clumping 
of the organisms, cellular degeneration and separation of 
infection from host by layers of mononuclear cells and 
subsequently formation of fibrous tissue (Burrell,1978a). 
Experimental infection in goats by i/d route revealed 
histopathologically a wide band of oedema in the subcutis, lined 
on both sides by a massive accumulation of acute inflammatory 
cells at 2 days postinfection (Brown et al.,1985). An acute 
reaction around the blood and lymphatic vessels at the site of 
inoculation was also observed and staining by Brown and Brenn and 
Warthin-Starry techniques (Luna,1960) revealed the organisms in 
clumps.
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1.6.4 Dissemination from primary site of infection
Dissemination of C. pseudotuberculosis from the primary site 
of infection has been attributed to the local activity of 
phospholipase D exotoxin. The toxin acts as a permeability factor 
due to its effect on sphingomyelin, an important component of the 
host cell membrane, resulting in leakage of plasma at the site 
and thus increases the probability of spread of the organism to 
the regional lymph nodes (Carne and Onon, 1978). Experimental 
studies in mouse models suggest an early systemic spread of the 
organism followed by localization in lymph nodes, liver, spleen 
and kidneys (Jolly, 1965b; Hard, 1969, 1972). Dissemination of 
the organism may take place both as free bacteria or within 
phagocytes and it has been suggested that spread is both via 
lymphatics and the haematogenous route (Batey,1986b). The concept 
of early generalization of infection is consistent with the 
frequency of visceral lesions in sheep and experimental studies 
in sheep also suggest that pulmonary lesions arise concurrently 
with lymph node lesions (Nairn and Robertson, 1974). Intravenous 
inoculation of C. pseudotuberculosis in lambs also results in 
abscesses in lungs (Brogden et al.,1984a). No attempt has been 
made to detect the presence of organisms in blood following 
different routes of infection in sheep and goats or laboratory 
animals (but see Chapter 6 "Secondary localization of C. 
pseudotuberculosis of the present study).
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1.6.5 Secondary Infection
It is known that bacteraemic organisms are cleared from 
circulation by phagocytosis in the liver and spleen, particularly 
so in the former and the organisms which enter via lymphatics are 
removed in local and regional lymph nodes (Nelson,1969). It has 
been suggested that lung lesions in sheep and kidney lesions in 
experimental infection in mice arise by entrapment of clumps of 
organisms or degenerated cells which have phagocytosed C. 
pseudotuberculosis (Batey,1986a). Entrapped cells with organisms 
or C. pseudotuberculosis alone result in cellular infiltration 
and formation of a granulomatous lesion. Brogden et al.,(1984a) 
suggested that C. pseudotuberculosis may induce pulmonary 
leukostasis resulting in capillary thrombosis by activating the 
complement(C) system, generating C5a, and augmenting the 
granulocyte adherence. Following early distribution of the 
organism, infection may progress or get resolved at the secondary 
infection sites. The basis for progression or resolution was 
suggested by Jolly(1965b) who observed that resolving lesions are 
dominated by macrophages, whereas polymorphonuclear leucocytes 
appear in other lesions. There may be a substantial variation in 
the status of the individual lesions (Batey,1986a). It has also 
been observed in natural infections in sheep and goats that 
antibody to exotoxin is not necessarily present in or confined to 
sheep and goats with lesions, which suggest that many lesions may 
undergo resolution during early stages of development (Zaki and 
Abdel-Hamid,1974; Shigidi, 1978; Brown et al.,1986).
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1.6.6 Immunity to C. pseudotuberculosis
Both humoral and cellular immunity have been demonstrated 
following inoculation of C. pseudotuberculosis in mice, sheep and 
goats (Irwin and Knight,1975; Khater et al., 1978; Chandiramani 
and Garg,1982; Hedden et al. , 1986). The facultative
intracellular nature of this organism suggests that cell mediated 
immunity is more important in protection of the animal (Ayers, 
1977).
1.6.6.1 Humoral Immunity
Hyperimmune rabbit antiserum to C. pseudotuberculosis was 
shown to protect mice passively (Cameron and Engelbrecht,1971). 
The protective effect of the serum was not due to its antitoxic 
activity or ability to promote phagocytosis but was due to 
retarded secondary multiplication of the bacteria. Mice could be 
successfully immunized using washed whole bacteria as vaccine 
(Cameron et al., 1969). It was suggested that immunity to C . 
pseudotuberculosis was both antibacterial and humoral in nature 
and exotoxin antibodies had little role in protection 
(Cameron,1972). Studies in sheep (Cameron et al., 1972 ; Cameron 
and Fuls,1973) were difficult to evaluate in this regard because 
of the overwhelming nature of the challenge method employed.
The role of the exotoxin antibodies in protection against the 
infection was thoroughly investigated by Zaki (1976). He showed
that antitoxins do not interfere with the multiplication of the 
organism but hinder its systemic spread. Exploring the 
possibility of the protective effect of a toxoid, Nairn et al.,
(1977) immunized 24 weaner sheep with formalinized concentrated 
crude exotoxin. Challenge of the vaccinated and control animals 
resulted in suppurative lesions at the site of challenge in both 
the groups. Disseminated lesions were present in all the control 
animals but were absent from all but three vaccinated sheep. It 
was concluded that an immune response to exotoxin plays a 
significant role in resistance.
It has been suggested that the principal immunizing antigen 
is associated with cell wall (Cameron et al.,1969) although 
overall protection from disease may depend upon a more complex 
range of antigens and these might include toxin (Cameron and 
Purdom 1971).
1.6.6.2 Cellular immunity
Cell mediated immunity was associated with onset of acquired 
resistance to C. pseudotuberculosis infection in mice 
(Jolly,1965b). Elimination of infection and resolution was 
attributed to the emergence of a population of mature and 
specialized macrophages in the lesions. The organism's ability as 
a facultative intracellular bacteria was initially demonstrated 
ultrastructurally by Hard (1975) in mouse peritoneal macrophages, 
and later by Tashjian and Campbell (1983) in goat mammary
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macrophages.
Using suppression of abscess formation as the criterion, Hard 
(1970) demonstrated adoptive transfer of immunity. After 
peritoneal cells were transferred from immune mice to recipient 
mice, only 20 per cent of recipient mice developed abscesses 
after challenge; 80 per cent of the controls developed abscesses 
after similar challenge. Further it appeared that lymphocyte-like 
cells and mononuclear phagocytes were equally capable of inducing 
immunity in mice to C. pseudotuberculosis. Macrophages from both 
normal and immune mice were susceptible to the cytotoxic effects 
of C. pseudotuberculosis but the organism disappeared more 
rapidly from the peritoneal cavity of immune mice than normal 
(Hard,1972).
Further evidence of the importance of cell mediated immunity 
was provided by Irwin and Knight (1975). Mice given levamisole 
and killed C. pseudotuberculosis were significantly better able 
to resist challenge with virulent organisms than mice which 
received bacterin only. Levamisole stimulates cell mediated 
immunity by enhancing the differentiation of T lymphocytes and 
their response to antigens (Tizard, 1971).
However estimation of B and T cells in the CLA affected goats 
(Hedden et aT.,1986) revealed a normal number of anti­
immunoglobulin G-positive cells (B cells) but T cells were
significantly reduced , indicating that the goats may have had a 
compromised cell mediated immunity.
1.6.7 Role of bacteraemia in pathogenesis of caseous 
lymphadenitis
As is evident from the results in Chapter 6, C. 
pseudotuberculosis bacteraemia plays an important role in the 
pathogenesis of the visceral form of caseous lymphadenitis, so a 
discussion on bacteraemia, its causes, detection and consequences 
now seems relevant. This has been made as comprehensive as 
possible, not so much because of its direct application to some 
of the present studies but because information on bacteraemia in 
the literature is disseminated and scanty and it was thought 
useful to attempt to draw it together in a more unified account.
Bacteraemia denotes the presence of bacteria in the 
blood. Most of the organisms causing systemic infections 
in man and animals, enter the blood stream at some stage 
during infection and become rapidly distributed 
throughout the body. With the exception of intravascular 
infections such as bacterial endocarditis, mycotic 
aneurysm and thrombophlebitis, bacteria usually enter 
the circulation through the lymphatic system 
(Tilton, 1982). When bacteria multiply at a local site of 
infection such as lung, the determining factor in 
bacteraemia is a function of occurrence of local 
conditions that favoured drainage of lymph from the 
infected area to the thoracic duct and eventually to 
venous blood (Thorn et al.,1977). Sometimes the 
bacteria that do not generally cause a systemic 
infection can enter the blood in small quantities as an 
accidental phenomenon and this is important when it 
enables them to establish infection elsewhere in the 
body (Mims, 1987). Transient bacteraemias are not 
uncommon and may ensue following vigorous tooth brushing
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or difficult bowel movement in man. They can also result 
from invasive procedures such as dental manipulations 
(Shanson et al.,1983), sigmoidoscopy (Lefrock et 
al.,1973), various surgical procedures (Rogosa et 
al.,1960) and venous infusion of fluids (Sattler et 
al.,1984).
Transient bacteraemia is usually unimportant 
clinically but it may lead to serious infections such 
as endocarditis (Finegold,1983). Intermittent or 
recurrent bacteraemia is a characteristic of abscesses 
and certain types of infections such as brucellosis and 
meningococcaemia, the majority of the bacteraemias 
encountered in man are of this type and timing of the 
collection of blood for cultures become important 
(Finegold,1983). Continuous bacteraemia is typical of 
intravascular infections such as endocarditis, 
endarteritis, and specific thrombophlebitis as well as 
specific types of infections including typhoid fever and 
tularaemia in man (Butler et al.,1978; Tilton,1982). A 
silent continuous bacteraemia is also observed in 
lepromatous leprosy, nearly all the circulating leprosy 
bacilli being inside blood monocytes (Drutz et 
al.,1972). The bacteraemia persists for some months, but 
the bacilli remain inside the cells, multiplying very 
slowly and there are no general or toxic signs.
1.6.7.1 Microbiology of bacteraemia in man
Almost every recognized bacterial species has been 
implicated as a cause of bacteraemia in man. Despite 
this diversity of potential etiological agents, only a 
limited number of species are responsible for the vast 
majority of episodes. A wide variety of microorganisms 
associated with bacteraemia and septicaemia in man have 
been reviewed extensively (Von Graevenitz, 1977; 
Young,1982; Percival,1980; Maclowry,1983). Historically, 
in the United States, Pneumococci, group A 
Streptococci, Haemophilus influenzae, Meningococci, 
Salmonella species and Staphylococcus aureus were the 
most frequent etiological agents of bacteraemia before 
1950fs (Mccabe et al.,1983). The spectrum of etiological 
agents of bacteraemia has changed over the past 20-30 
years. This change has been due to events related both 
to the patient and the technological advances in 
microbiology. Incidence studies are, in fact, method 
dependent and the significant increase in anaerobic 
isolates from blood may reflect only new technology and
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increased awareness, not necessarily an absolute 
increase in anaerobic infections. Finland et al., (1959) 
first observed an increase in the frequency of coliform 
bacteraemia with a corresponding decrease in bacteremia 
due to penicillin sensitive Streptococci in the United 
States over the period 1935-1957. Many subsequent 
reports from both the United States (Dupont and 
Spink,1969) and the United Kingdom (Dalton and 
Allison,1967; Watt and Okuba-dejo,1967) confirmed this 
increase in Gram negative bacteraemia. However, a study 
in a London teaching hospital over the decade 1966-1975 
revealed a five fold increase in the incidence of 
bacteraemia (Williams et al.,1976). They observed a 
decline in Gram negative bacteraemia whereas bacteraemia 
due to Gram positive organisms, anaerobes and Candida 
species increased. Recently it has been estimated that 
the septicaemia caused by members of Enterobacteriaceae 
and Pseudomonadaceaea families is a contributing factor 
in 51,000 deaths per year in the United States 
(Bryan,1983).
During the last decade the role of coagulase 
negative Staphylococci as potential pathogens in the 
blood stream has been well defined (Christensen et 
al.,1982). Staphylococcus epidermidis bacteraemia is 
mostly associated with indwelling intravenous catheters 
(Sattler et al,1984), cardiac valve prostheses (Karchmer 
et al.,1983), Prosthetic orthopedic devices (Kamme and 
Lindberg,1981), cerebrospinal fluid shunts (Schoenbaum 
et al.,1975), peritoneal dialysis catheters (Gruer et 
al.,1984), Leukopenia (Wade et al.,1982), malignant 
disease (Winston et al.,1983) and prematurity (Munson 
et al.,1982).
Corynebacterium group JK has also been recognized 
as a cause of bacteraemia and sepsis in 
immunocompromised patients (Hande et al.,1976) but it 
has also been detected in patients who are not 
immunocompromised or granulocytopenic (Vanscoy et 
al.,1977; Murray et al.,1980). Bacillus species have 
also been described as specific agents of sepsis in 
immunologically compromised hosts (Ihde and Armstrong, 
1973) and in intravenous drug users (Tuazon et 
al.,1979). Most isolates were Bacillus cereus or 
Bacillus subtilis. A continuous high grade Mycobacterium 
avium-intracellulare bacteraemia has been observed in 
patients with acquired immunodeficiency syndrome (Wong 
et al.,1985). Listeria monocytogenes has been 
associated with septicaemias in immunodepressed
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patients, alcoholics and pregnant women (Finegold and 
Baron,1986).
Anaerobic organisms have been increasingly 
recovered from bacteraemic patients (Finegold,1983). The 
isolation of Bacteroides fragilis or a mixture of B. 
fragilis and E.coli may indicate intra-abdominal sepsis 
and there is an association between a bacteroides 
bacteraemia as initial finding and carcinoma of the 
colon (Finegold,1977).
Polymicrobial bacteraemia has been reported in as 
many as 18.4 per cent, of microbiologically proven 
septic episodes (Weinstein et al.,1983a) and is 
associated with higher fatality rates as compared to 
unimicrobial infections (Weinstein et al 1983b).
1.6.7.2 Microbiology of bacteraemia in animals
In domestic animals bacteraemia is observed in many 
systemic infections. Various critical factors determine 
the occurrence of bacteraemia following infection and 
these include the exposure dose , virulence of the 
organism, route of entry and host's resistance. 
Intermittent or recurrent bacteraemia is characteristic 
of Brucella infection in domestic animals. In cattle 
the bacteraemic phase may begin within 14 days after 
exposure or be delayed for weeks or even months. Under 
experimental conditions and using a standardized dose of 
virulent organisms, sixty eight of eighty nine non 
vaccinated cattle developed bacteraemia within 2 months 
following exposure (Manthei and Deyoe,1970). Prolonged 
bacteraemia is also observed in swine and canine 
brucellosis (Thoen and Enright,1986). Repeated blood 
cultures are necessary to detect the presence of small 
numbers of organisms in the blood stream. After Brucella 
ovis infection in rams there is a transient and often 
inapparent systemic distribution of the organism. It 
subsequently localizes in tissues of the tail of 
epididymis (McGowan et ad.,1961). The organism is 
relatively innocuous for ewes and it may remain in the 
blood stream for months without inciting any 
pathological lesions (Buddie,1956; Osburn and 
Kerfedy,1966).
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Certain serotypes of Salmonella tend to produce 
disease characterized by bacteraemia, septicaemia and 
their sequelae rather than by significant intestinal 
disorder (Wray and Sojka,1977). Host adopted Salmonella 
are particularly prone to this form of disease; thus S.
cholerae suis in pigs, S. dublin in cattle, S. abortus 
ovis in sheep and S. abortus equi in horses produce 
disease in which septicaemia is the dominant phase of 
the disease (Clarke and Gyles,1986). Abortion is often a 
prominent feature of the disease caused by these species 
but no specific prediliction for the gravid uterus has 
been demonstrated. Bacteraemia has also been implicated 
in abortions caused by Haemophilus somnus (Humphbe.y and 
Stephens,1983) and Listeria monocytogenes
(Gronstol, 1986) infection in ruminants. Arthritis has 
been described as a sequelae of bacteraemic or 
septicaemic phases of Haemophilus somnus (Rosendal and 
Boyd,1986) and Mycoplasma mycoides (large colony type) 
(Rosendal, 1981) infection in domestic animals.
During the later stages of Bacillus anthracis 
infection in animals there is massive bacteraemia and 
toxaemia followed by death. In an experimental study of 
disease in guinea pigs, at 6hr before death, 
approximately 50 per cent. of anthrax bacilli are 
localized in the spleen and shortly before and at death, 
70 to 80 per cent, of bacilli were in the blood stream 
(Keppie et al.,1955).
It is known that Clostridium chauvoei is a normal 
inhabitant of the intestine and tissues of animals and 
the black leg disease caused by this organism is the 
result of activation of latent spores, deposited after 
having been transported from the intestine via the 
circulation (sometimes the organism is finally harboured 
in the liver). Similarly the spores of Clostridium 
novyi may be found in soil (Seddon and Edgar, 1930; 
Nishida and Nakagawara, 1965) and , if ingested by 
grazing animals reach the liver and spleen, where they 
remain innocuously for nine months or more 
(Turner,1938a,b). Damage to the liver usually due to 
liver flukes (Fasciola hepatica), permits germination of 
spores, growth of vegetative cells and subsequent 
production of toxin resulting in lesions typical of 
infectious necrotic hepatitis (black disease) 
(Bagadi,1974). A similar pathogenesis of spontaneous
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clostridial myonecrosis associated with malignancy 
(colonic cancer and leukaemia), diabetes and 
occasionally injections in man is still speculative. It 
is thought to be due to bacteraemia especially from the 
gastro-intestinal tract, due to growth of dormant spores 
in tissues following antecedent trauma or infection 
descending along the ilio-psc^ from a gastro intestinal 
focus (Nordkild and Crone,1986).
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Acute or subacute systemic swine erysipelas due to 
Erysipelothrix rhusiopathiae begins with bacteraemia , 
which generally results in clinical signs of generalized 
infection (septicaemia) (Wood,1986). The bacteraemia 
generally develops within 24hr after exposure, organisms 
can no longer be cultured from blood and most body 
organs after a few days but may persist, often for 
months, in the joints and in lymphoid tissues such as 
tonsil, Peyer's patches and spleen.
1.6.8 Detection of bacteraemia
Prompt detection of etiological agents of 
bacteraemia is of prime importance in clinical 
microbiology. Both conventional and newer approaches to 
blood culture have been extensively reviewed recently 
(Tilton,1982; Shanson,1983; Balows and
Sonnenwirth,1983).
1.6.8.1 Conventional blood culture techniques:
(a) Blood collection
The general recommendation for number of, and 
intervals between, blood culture collections is three 
specimens per day spaced one hour apart
(Washington,1978). Additional collections from patients 
who have received prior antimicrobial treatment may be 
necessary. In determining how often blood cultures 
should be drawn , it is important to consider the 
disease to be diagnosed (Tilton,1982). The importance of 
volume of blood cultured was recognized by 1930, even in 
severe septicaemia only a few organisms are present per 
millilitre and not less than 10ml of blood should be
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taken at any examination (Pulvertaft,1930). Published 
studies have recommended increasing volumes of blood for 
each set of cultures from adults, varying from 10ml to 
20ml (Hall et al,1976; Stokes,1974). More organisms, 
particularly Gram negative rods, were isolated when 
large quantities of blood were cultured (Tenney et 
al,1982). Dilution of blood by a factor of at least 1 in 
30 removes the antibacterial effects of fresh blood 
against most bacteria without using liquoid (sodium 
polyanethol sulphonate) (Roome and Tozer,1968) and a 1 
in 17 dilution appears satisfactory for isolation of 
anaerobes from thioglycollate medium (Shanson,1974). 
However the dilution of blood in the broth required for 
optimal recovery of bacteria varies for different types 
of organisms even when liquoid is included. A recent 
study suggests that significantly better isolation of 
Streptococcus pneumoniae is obtained with a 1 in 5 
dilution of blood in liquoid broth than with a 1 in 10 
dilution, but more isolates of E.coli are obtained with 
1 in 10 dilution than with 1 in 5 dilution of blood in 
liquoid broth (Auckenthaler et al.,1982). At least two 
different dilutions should be tested.
(b) Media for aerobes
The media most commonly used for blood cultures include 
nutrient broth, glucose broth, tryptic soy broth, brain 
heart infusion broth and diphasic media. The literature 
is replete with accounts of the basic merits of various 
broth media for culture of the blood. It is difficult to 
determine the effects of growth media on recovery of 
organisms because all the variables are not kept 
constant. If media is not vented there may be poor 
recovery of the strictly aerobic organisms including 
Pseudomonas aeruginosa and Candida albicans 
(Blazevic,1975). On the basis of a number of comparative 
studies with clinical blood cultures, Washington (1978) 
concluded that soyabean casein digest broth e.g 
trypticase soy broth or tryptic soy broth is a highly 
satisfactory medium. The diphasic media originally 
introduced for detection of Brucella organisms in blood 
is quite useful but the broth requires subculture onto 
blood agar at least once during the first 48hr of 
incubation as some strains of Streptococci, Haemophili 
and Neisseriae might not produce easily seen colonies on 
the agar in the diphasic bottle (Stokes,1974).
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(c) Media for anaerobes
Several media exist for the culture of anaerobes. Among 
them are thioglycollate broth and prereduced and 
anaerobically sterilized brain heart infusion broth. 
Cooked meat blood culture media that were commercially 
available in Britain in 1973 were associated with the 
late isolation of non sporing anaerobes, although 
viability of the organism was good once growth had 
started (Shanson,1974; Forgan-Smith and Darrell,1974). 
Washington (1978) observed that trypticase soy broth 
incubated in an unvented system recovered as many 
anaerobes as did thiol and thioglycollate. It has been 
reported that brain heart infusion broth supplemented 
with both cysteine and panmede (liver extract) is 
excellent for growth of fastidious non sporing anaerobes 
in simulated blood cultures (Shanson and Pratt,1983).
Many studies have attempted to show the value of 
hypertonic medium for growth of cell wall defective 
forms (Rosner,1975; Sullivan et al.,1972; Washington et 
al.,1975), others observed that 10 per cent, sucrose did 
not affect the recovery of organisms if volume is kept 
constant. Addition of 10-20 per cent, sucrose affected 
the growth of Escherichia coli, Pseudomonas, 
Streptococcus viridans and Streptococcus pneumoniae 
(Tilton,1982). .
(d) Duration of the incubation of broth
The majority of blood cultures are incubated for a 
week when the clinical diagnosis is bacteraemia 
(Effersoe, 1965). Balows and Sonnenwirth (1983) reviewed 
40,000 blood cultures processed over a 10 year period. 
In no case did a culture became positive after five 
days. If the patient has a PUO or clinical evidence of 
infective endocarditis, the broth should be incubated 
for at least 3 weeks because occasionally important 
pathogens such as H. aprophilus, Brucella abortus and 
Eikenella corrodens are isolated (Shanson,1983).
(e) Detection of growth
Regardless of the media used, the inspection of
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bottles for turbidity alone cannot be relied upon to 
detect all the positive cultures. Studies report that 
only 65 per cent, positives will be detected when 
bottles are inspected for turbidity alone 
(Blazevic,1974). Gram stain and early subculture must be 
performed. A routine subculture at 24hr or earlier, 48hr 
and finally after 5-7 days if culture appears negative 
has been recommended (Bartlett et al., 1974). Though
most laboratories perform the initial subculture on the 
day after the specimen is received, recent studies 
reported increased detection of the bacteraemia when the 
subculture was performed earlier i.e 3-19.5 hr after 
blood culture (Harkness et ajL.,1975; Ganguli et 
al.,1984). Even acridine orange staining has been 
suggested as a rapid and inexpensive alternative to 
conventional subculture techniques for the detection of 
bacteria in blood cultures that fail to yield visible 
evidence of growth after one day's incubation (McCarthy 
and Senne,1980).
(f) Quantitative blood cultures
Diagnosis of bacteraemia in children by 
quantitative direct plating has been reported (Sullivan 
et al.,1982). A prognostic significance related to the 
number of organisms in the blood has also been observed 
(Tilton, 1982). The general view is that, if done, 
quantitative blood cultures should be performed in 
parallel with routine blood cultures. If 1ml of blood is 
cultured, then up to 40 per cent, of bacteraemias will 
be missed because of the low number of organisms 
present. Quantitative culture techniques were found 
quite satisfactory for H. influenzae and N. 
meningitidis bacteraemia in children but the results 
obtained with S. pneumoniae were not encouraging 
(Sullivan et al., 1982).
1.6.8.2 Improved techniques for detection of bacteraemia
Improved techniques available for the detection of 
bacteraemia were not used in the present study. However, 
an overview of these methods, some of which are 
commercially available for blood culture in man, seems 
relevant.
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(a) Radiometry
Radiometric methods for detection of bacteria were 
originally described for bacterial contamination of 
water by coliforms (Levin et al.,1956). Deland and 
Wagner (1969) first described the use of radiometry in 
the detection of bacteraemia. It involves the 
radiometric detection of CO2 produced by bacterial 
metabolism of C labelled substrate and is available 
commercially as " Bactec" R system. The instrument 
samples head space gas above a broth culture to which 
patient's blood has been added. Any labelled gas evolved 
is deemed to be due to bacterial growth and the culture 
is declared provisionally positive when a predetermined 
C value (growth index) is achieved. Results with the 
"Bactec" appears to be equivalent to those detected by 
conventional methods (Shanson,1983; Abbas and 
Hughes,1986). However others reported more rapid 
identification by a manual rather than radiometric 
method (Ganguli et al.,1985). Recently non radiometric 
growth detection systems have also been introduced which 
detect the carbon dioxide production by infrared. This 
system has been observed to be fast and more convenient 
to operate (Jungkind et al.,1986).
(b) Lysis filtration and centrifugation
These two techniques though distinctly different 
have a common goal, that is the removal of bacteria from 
a hostile host environment after lysis of blood cells. 
After the development of membrane filters, several 
investigators in the 1950's attempted to lyse the blood 
and pass it through membrane filters to trap the 
bacteria (Rose and Bradley,1969). The methodology was 
standardized and introduced for routine blood cultures 
but the literature is replete with accounts of 
difficulties encountered in optimising the use of this 
technique (Sullivan et al.,1975; Zierdt et al.,1977).
Lysis centrifugation differs in that blood is 
centrifuged instead of filtered subsequent to lysis. The 
major developments have been by Dorn and his colleagues 
(Dorn et al., 1976a; Dorn et al., 1976b) and the method 
is commercially available as the "Isolator" (E.I. Dupont 
DE Numerous & co). The isolator consists of a double
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stoppered tube containing saponin to lyse blood cells, 
polypropylene glycol to decrease foaming , sodium 
polyanethol sulphonate (SPS, liquoid) as an 
anticoagulant, EDTA (disodium ethylenediamine tetra­
acetate) to chelate calcium ions and thus inhibit 
complement cascade and coagulation and a small amount of 
an inert fluorochemical (fluorinert) to cushion and 
concentrate the microorganisms during a 30 minutes 
centrifugation at 3,000 Xg . The bottom stopper is 
slanted at the angle of centrifugation, allowing the 
sediment to be cushioned by fluorinert at all times. 
After centrifugation of the solution is completed, the 
supernatant is discarded, the sediment containing the 
pathogen is vigorously vortexed and the entire sediment 
is plated on solid agar.
Comparison of this system with conventional blood 
culture methods revealed that the "Isolator" system 
significantly increased the frequency of isolation of 
Staphylococcus aureus and Candida spp. (Henry et 
al.,1983) and decreased the time required for detection 
of S. aureus, Pseudomonas aeruginosa and Candida spp. 
Disadvantages of "Isolator" system were a decreased 
recovery of anaerobic bacteria and Pneumococci and a 
high contamination rate. Subsequent large scale 
comparison of "Isolator" with radiometric methods also 
confirmed the increased recovery of the members of the 
family Enterobacteriaceae, Staphylococcus spp. and 
yeast but "Bactec" system recovered more Streptococci, 
anaerobes and Pseudomonas spp.(Brannon and Kiehn,1985). 
However "Isolator" is useful in detecting polymicrobial 
bacteraemia (Kelly et al.,1983).
(c) Self Contained Subculture
A recent modification of the biphasic blood culture 
medium is the "Septi-Check" system (Roche Diagnostic), 
consisting of a conventional blood culture broth bottle 
with an attached chamber containing a three sided slide 
coated with chocolate, MacConkey and malt agar. To 
subculture, the entire broth contents are allowed to 
contact the agar surface by inverting the bottle. The 
obvious advantages of the slide culture system are the 
reduction in personnel time required for subcultures and 
earlier recognition of isolated colonies that can be 
used to perform the biochemical and antimicrobial 
susceptibility tests (Balows and Sonnenwirth,1983). In a 
recent large, multicentre comparative evaluation, the
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"Bactec" and "Septi-check" systems were found to be 
equally effective in detecting bacteraemia (Weinstein et 
al. ,1986), however more isolates of Enterobacteriaceae 
were recovered by the "Septi-check" and the radiometry 
recovered more of the anaerobes.
(d) Impedance - Conductance
Growth of microorganisms could be detected by 
changes in the electrical impedance of the culture (Ur 
and Brown, 1975). The impedance curve is essentially the 
same as the viable growth curve. The sensitivity of 
impedance changes can be reduced by media with high 
buffering capacity or high ionic strength (Ur and 
Brown,1975). The commercially available equipment for 
this purpose is the "Bactometer". This instrument was 
first used for simulated blood cultures and could 
detect from 10^ to 10^ colony forming units of bacteria 
per ml (Hadley and Senyk, 1975). Studies on 785 actual 
blood cultures using the "Bactometer" and a reference 
culture method revealed that except for Candida and 
Enterococci, impedance measurement detected bacteria 
more rapidly than did conventional methods but there 
were more false positives by the impedance method 
(Hadley and Kazlnka,1976). Initial impedance changes 
occur at a microbial colony count of approximately 5 X 
105 r the same level of growth at which turbidity is 
first observed. The advantages of the impedance method 
are , early detection and requirement for subculture 
will be eliminated.
(e) Micro-Calorimetry
Heat given off by bacterial metabolism can be 
measured and patterns of heat release can be used to 
detect bacteria growing in blood cultures (Ripa et 
al.,1977). No clinical study has been done on 
microcalorimetry so far.
1.6.8.3 Non culture methods for detection of bacteraemia
(a) Limulus amoebocyte lysate test
Soluble lysates from Limulus polyphemus amoebocytes
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form a gel in the presence of endotoxin (Levin and 
Bang,1968). Early studies indicated that this highly 
sensitive test could be used to detect circulating 
endotoxin in a patient with endotoxaemia and Gram 
negative bacilli bacteraemia (Levin et al. , 1970). 
However subsequently several investigators reported that 
the test was of limited use clinically (Martinez-G et 
al., 1973; Feldman and Pearson, 1974; Elin et al. , 
1975). These adverse reports were based primarily on the 
inability to detect endotoxin when Gram negative 
bacteria were grown from the blood. This was due to 
rapid clearance of endotoxin from the circulation.
(b) Gas liquid chromatography (GLC)
GLC is a sensitive and specific method for the 
detection of microbial components in the body fluids. 
Some workers reported characteristic peaks for members 
of the families Enterobacteriaceae and Pseudomonadaceae, 
Pneumococci, Streptococci and Mycobacteria (Mitruka et 
al., 1970, 1972). Others could not repeat these findings 
(Davis and Mcpherson, 1975). Sondag et al. , (1980)
reported presumptive identification of anaerobes in 
blood cultures by GLC. Bacteroides fragilis, 
Fusobacterium, anaerobic Gram positive cocci and 
Clostridia could be identified from their characteristic 
fermentation products. The authors recommended that 
identification should be further confirmed by 
biochemical tests.
(c) Counterimmunoelectrophoresis
Antigens of S^ _ pneumoniae, H. influenzae, N. 
meningitidis and pneumoniae have been detected in 
positive blood cultures by counterimmunoelectrophoresis. 
This technique is more useful for rapid identification 
of selected bacteria rather than for initial detection 
of bacteraemia (Waters et al.,1979).
1.6.8.4 Consequences of bacteraemia
Consequences of bacteraemia may be almost as 
diverse as the potential etiological agents. In man a 
wide variety of clinical manifestations such as fever,
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rigors, shock, altered circulatory dynamics, cutaneous 
manifestations, changes in coagulation, complement and 
other mediator systems and effects on lungs, heart, 
kidneys, liver and other end organs have been described 
(Ledingham, 1983). It is difficult to determine the 
relative frequency of these events in the bacteraemias 
associated with different species. Pathophysiological 
mechanisms of bacteraemia have been better delineated 
with the Gram negative bacilli.
Entry of bacteria into the blood results in their 
distribution throughout the body and may lead to 
metastatic complications such as meningitis, 
endocarditis, osteomyelitis and abscesses with Gram 
positive and Gram negative cocci as compared to virtual 
absence of these complications in the bacteraemia caused 
by Gram negative bacilli (Mccabe et al.,1983).
Bacteriogenic shock is one of the most serious 
complications of bacteraemia which occurs in 
association with both Gram positive and Gram negative 
organisms but less frequently in the former (Wiles et 
al.,1980). Clinically it is not possible to distinguish 
between the shock induced by Gram positive or Gram 
negative organisms. In the early stages of bacteriogenic 
shock in man (hyperdynamic phase), the cardiac output is 
high and the patient is warm and dry. Urine output may 
be reduced. These effects are related to the presence in 
the circulation of pyrogens and release by bacterial 
products of plasma kinins, histamine and prostaglandins 
of the E series (Ledingham and Routh, 1979). Metabolic 
acidosis in bacteriogenic shock is more variable than 
other forms of shock and, therefore, less reliable as a 
prognostic indicator (Bums et al.,1982).
In the later stages of bacteriogenic shock 
(hypodynamic phase), cardiac output falls and there is 
marked hypotension, peripheral vasoconstriction and 
oliguria. These effects are caused by release of 
catechol amines and angiotensin II. Platelet derived 
thromboxane A2 may augment this reaction particularly in 
the pulmonary circulation (Ledingham, 1983). Lipolysis 
occurs with high circulating levels of free fatty acid 
and serum triglycerides (Wardle, 1979).
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These haemodynamic and metabolic effects have been 
attributed to circulating endotoxin; the complex 
lipopolysaccharide coating of Gram negative bacteria and 
in particular to the lipid-A moiety. The endotoxin 
causes aggregation of platelets by direct damage to the 
cell wall and of white blood cells by an indirect action 
via activated complement; the white cell aggregation may 
also cause plugging of the microvasculature with damage 
of the capillary endothelium resulting from direct 
contact with toxic oxygen radicals released from the 
leucocytes (Hammerschimdt et aJ.,1980; Jacob et 
al.,1980). These microcirculatory disturbances may be 
observed throughout the body and may result in focal 
necrosis in the lungs, kidneys, liver and other organs. 
Jaundice may occur in the presence of extrahepatic Gram 
negative infection. The observed cholestasis in sepsis 
may be caused by the inhibitory effect of endotoxin on 
the active sodium transport mechanism of hepatocytes 
(Utili et al.,1977).
Bacteraemia is associated with greater fatality 
rates than those of uncomplicated local infections, but 
magnitude of bacteraemia also influences the outcome of 
infection (Dupont and Spink,1969; Kreger et al.,1980). 
In Gram negative bacteraemias a distinct correlation 
between fatality rates and increasing numbers of 
bacteria per ml. of blood was demonstrated with overall 
fatality rates of 40, 49, and 58 per cent, respectively 
occuring with bacterial counts of less than 10, 10-50, 
and greater than 50 bacilli per ml. of blood (Kreger et 
al.,1980). Similar correlation has also been observed in 
Gram positive bacteria, with fatality rates increasing 
from 33 per cent, among those with bacterial counts of 
less than 10 bacteria per ml of blood (Kluge and 
Dupont,1973). Studies in neonatal bacteraemia has also 
shown greater fatality rates in infants with 
quantitative blood culture exceeding 1,000 bacteria per 
ml. compared with those with bacteraemia of lesser 
magnitude (Dietzman et al 1974).
1.7 DIAGNOSIS OF C. PSEUDOTUBERCTJLOSIS INFECTION IN SHEEP AND
GOATS
It is currently accomplished by a number of serological tests
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of variable specificity and sensitivity. Most of these tests
measure the humoral response to exotoxin. The first attempt at
determining humoral immunity was made by Carne (1932). He tried a
diagnostic test similar to the Schick test (a skin test used for
detecting antitoxin to diptheria toxin). Inoculation of exotoxin
/%
in 100 CLA affected sheep gave irregular and undependable results 
(Carne,1932). Neutralization of dermonecrotic activity of toxin 
in rabbits by antitoxin has also been reported (Doty et 
al.,1964). This test had drawbacks for large scale application, 
but it confirmed the suspicion that a humoral response developed 
to the exotoxin and that a toxin-antitoxin neutralization scheme 
could be employed for diagnostic tests. A mouse protection test 
depending upon the neutralization of the lethal activity of toxin 
was described by Zaki and Abdel-Hamid (1974). Most of the in vivo 
tests are slow, cumbersome and relatively expensive.
A tube agglutination test for serological diagnosis of 
disease, using a strain selected for minimal autoagglutination 
has been reported (Awad, 1960). This test has been used for sero- 
epidemiological surveys and also for evaluation of vaccines 
(Cameron et al.,1972; Lund et al.,1982; Holstad, 1986). It was 
found to be of value between 3 and 18 weeks after infection 
(Shigidi, 1979).
Utilizing the exotoxin’s property of inhibiting red blood 
cell lysis by staphylococcal beta lysin, Zaki (1968) dveloped an 
anti-betahemolysis inhibition test. Standard amounts of exotoxin,
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bovine erythrocytes and dilutions of test serum were incubated 
and the staphylococcal haemolysin was added. If the test serum 
did not contain antibodies, the exotoxin occupied the receptor 
sites on the erythrocyte membrane preventing the staphylococcal 
beta lysin from exerting its haemolytic effect. In an abattoir 
survey of 200 goats and sheep , Zaki (1969) found that this test 
had sensitivity and specificity levels of 92 per cent, and 96 
per cent, respectively. However Shigidi (1979) failed to detect 
antitoxin in a high proportion of infected sheep which were 
positive on culture.
An indirect haemagglutination test using purified C. 
pseudotuberculosis toxin to sensitize formalinized sheep 
erythrocytes has also been described (Shigidi, 1978). This test 
was observed to be more reliable and diagnostic levels of 
antitoxins persisted for longer periods than antibodies to the 
other four tests (complement fixation test, gel-diffusion, 
agglutination and staphylococcal betahaemolysin inhibition test).
The use of purified fractions of C. pseudotuberculosis 
culture supernatants to obtain gel precipitation complexes 
between exotoxin and specific antitoxin has been reported 
(Cameron and Smit 1970 ; Goel and Singh 1972). Procedures for 
obtaining yields of exotoxin sufficiently high to allow the use 
of unconcentrated supernatant in double immunodiffusion tests 
have been described (Burrell,1980c). This test gives no
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information on titers and non specific reactions have also been 
reported.
A haemolysin inhibition test based on the haemolytic property 
of exotoxin at pH less than 6 has been reported from Australia 
(Burrell, 1980b). At dilutions of 1:512 or greater, serum buffers 
are unable to prevent the acid pH from damaging immune complexes, 
and false negatives may occur.
A fluorescent antibody test using hyperimmune serum from 
rabbits, conjugated with fluorescein isothiocyanate has been
found satisfactory for identifying C. pseudotuberculosis in pus 
(Addo, 1978).
The synergistic haemolysis inhibition (SHI) test was
developed in California, originally for the diagnosis of C. 
pseudotuberculosis infection in horses (Knight, 1978). It relies 
on the ability of C. pseudotuberculosis toxin to lyse
erythrocytes pretreated with filtrates of C. equi (Rhodococcus 
equi). The lysis is inhibited by antibody to C.
pseudotuberculosis and this inhibition can hence be used as a 
method of detecting previous exposure to the organism. In 
experimentally infected goats, the SHI test was positive in all 
animals which developed lesions of CLA (Brown et al.,1985). In a 
subsequent field trial, the SHI test was applied to animals with 
natural disease; sensitivity was 98 per cent, for goats and 96
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per cent, for sheep (Brown et al., 1986).
Enzyme linked immunosorbent assay (ELISA) has also been used 
to detect humoral immunity in CLA, using the trypsinized 
homogenized cell walls as antigens (Shen et al., 1978). The 
authors reported sensitivity comparable to that of the SHI test. 
More recently, five different C. pseudotuberculosis antigens 
(toxin, whole cell suspension, sonicated cells, cells extracted 
with diethyl ether and extracted lipids) were compared in an 
ELISA system (Maki et al.,1985 ): toxin was found to be the best 
antigen , antitoxin titers appearing 30-60 days after 
experimental infection.
An intradermal test, using sonicated C. pseudotuberculosis 
cells as antigen was used in a group of ewes afflicted with the 
visceral form of CLA (Renshaw et al. , 1979). The overall
reactivity rate was low (56 per cent), possibly resulting from 
anergy (loss of skin reactivity to PPD seen in advanced stages of 
tuberculosis in man) in the disseminated disease. A skin test 
antigen prepared from the fragmented cells was injected at 
regular intervals into goats experimentally inoculated with C. 
pseudotuberculosis (Brown et al., 1986 ). After infection, 
observable responses increased in direct relation to the severity 
of clinical disease: desensitization did not seem to occur.
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1.8 TREATMENT AND CONTROL OF CASEOUS LYMPHADENITIS IN SHEEP AND
GOATS
1-8.1 Chemotherapy and other managemental practices
Producers, veterinarians and scientists in countries affected 
with CLA of small ruminants, have employed numerous methods in an 
attempt to control the disease. Chemotherapy has been tried but 
with only marginal success (Campbell et al.,1982). Although the 
causative agent of CLA is usually susceptible to several commonly 
used antibiotics the heavy encapsulation of abscesses makes 
treatment with systemically administered antibiotics of limited 
value (Ashfaq and Campbell,1979). The most effective methods of 
control have been surgical excision of abscessed lymph nodes 
(Benham et al.,1962) and culling of infected animals. Because of 
the diverse manifestations of the disease, culling and surgery 
have not been effective in total eradication of the disease from 
countries where it is endemic.
1.8.2 Immunoprophylaxis
C. pseudotuberculosis whole cells (Cameron and Minnaar, 1969) 
and cell walls (Cameron et al., 1969) have been reported as being 
immunogenic in mice. However vaccination of sheep with 
inactivated vaccine (whole bacteria) in an aluminium phosphate 
adjuvant induced only a partial protection against challenge 
(Cameron, 1972). Two doses of inactivated vaccine at an interval 
of 4 to 6 weeks did protect sheep against subacute infection and 
death but they were unable to effectively resist the development 
of abscesses. Neither simultaneous administration of formalin
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inactivated vaccine and a heterologous live vaccine nor vaccines 
grown on special media and extracted with ether, ethanol or 
sodium lauryl sulphate increased the antibody response in guinea 
pigs as measured by the agglutination test (Cameron and Fuls, 
1973). A ten fold concentrated inactivated vaccine was found to 
increase the immunity markedly in sheep. It was concluded that 
concentrated vaccine might be of value if used shortly before 
possible exposure to infection, such as shearing.
More recently whole cells and cell walls were tested for 
their immunizing properties in lambs (Brogden et al.,1984b). 
Colostrum deprived, five week old lambs were inoculated with 
dried whole C. pseudotuberculosis cells or with homogenized cell 
wall fragments. The lambs were challenged intravenously one month 
later, the animals were killed, abscesses were counted, and liver 
and lungs were homogenized and cultured for bacterial counting. 
There were significantly fewer abscesses and fewer organisms in 
vaccinated animals; lambs vaccinated with the cell wall 
preparation had fewer lesions than those vaccinated with whole 
cells.
Addition of adjuvants including Freund’s complete adjuvant to 
the inactivated C. pseudotuberculosis vaccines had a negligible 
effect on the antibody response both in mice (Cameron and 
Minnaar, 1969) and sheep (Cameron et al., 1972). However Barakat 
et al.,(1974) reported the protective effect of BCG (Bacille
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Calmette-Guerin) on C. pseudotuberculosis infection in guinea 
pigs. In a field trial using 553 sheep, four groups were 
vaccinated with BCG at under one month old, at 6-12 months, at 1- 
2 years or after 2 years. The vaccinated sheep showed a decreased 
incidence of spontaneous lymphadenitis especially those 
vaccinated under one month old (Barakat, 1979). Contrary to these 
earlier findings Brogden et al.,(1985) failed to induce 
resistance to C. pseudotuberculosis infection by treatment of 
mice with various doses of BCG, MDP (muramyl dipeptide), TDM 
(trehalose dimycolate; cord factor), or "C. parvum " at different 
intervals. It was observed that protection induced by 500ug cell 
wall was enhanced by adding lOOug BCG, 150ug MDP, or 350ug C. 
parvum1 but protection induced in mice by 300ug of whole cell was 
not enhanced by adding any adjuvant.
Protective effects of toxoid were first explored in Australia 
(Naim et al., 1977). Twenty four weaner sheep were vaccinated 
with formalinized concentrated crude exotoxin and a month later 
challenged by placing purulent material on fresh skin cuts. All 
vaccinated and control animals developed suppurative lesions at 
the site of challenge. Two control animals died with an 
overwhelming haemolytic anaemia within 24hrs after the challenge. 
The remaining animals were killed two weeks after the challenge. 
All surviving controls had multiple abscesses. Of the 24 
vaccinated animals, only three had lesions, all were single, and 
two were sterile. It was further observed that the sheep 
receiving toxoid with an adjuvant or the toxoid and formalin
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inactivated cells with adjuvant had better protection than 
animals which received washed formalin inactivated cells with 
adjuvant (Burrell, 1978b). More recently significant protection 
has been demonstrated in goats vaccinated with a toxoid with or 
without adjuvant (Anderson and Nairn, 1984; Brown et al., 1986).
1.8.3 Other control strategies
Since the more conventional approaches for controlling CLA 
have proven to be of marginal value, alternative strategies for 
controlling this infection in small ruminants have also been 
explored (Augustine, 1984). One such approach is the possibility 
of identifying and eliminating genetically "at risk" individuals 
from a population by using a lymphocyte antigen typing system 
(Ford,1974 ,1975). In instances where the relationship between 
susceptibility to the bacterial infection and the lymphocyte 
types has been studied, there has not been found to be a direct 
involvement of lymphocyte antigen with the disease process 
(Dausset and Svejgaard,1971). Rather the lymphocyte antigen 
serves as a marker which exists in close proximity to genes 
controlling disease susceptibility. A solitary attempt has been 
made to explore this aspect in caseous lymphadenitis of small 
ruminants (Augustine,1984). Because of the inaccessibility of the 
dissertation, a complete abstract of the above mentioned thesis 
is reproduced here.
Augustine, J.L (1984) Bacteriologic, ecologic, serologic 
and immunogenetic studies of Corynebacterium 
pseudotuberculosis induced caseous lymphadenitis in 
small ruminants.
Texas A&M university USA
Chronic abscesses were induced in goats by subcutaneous 
inoculation with 107 cfu of C. pseudotuberculosis; 24 
weeks after infection the mean concentration of C. 
pseudotuberculosis was 2.9 X 10? cfu/ml. in axenic 
lesions (range 2.2 X 105 to 2.6 X 10^) and 7.0 X 107 in 
lesions with mixed microflora (range 2.1 X 10^ to 4.0 X 
10^ cfu/ml.). In the environment the organism survived 
longer when abscess contents were mixed with substrates 
such as wood shavings, hay, straw, faeces and soil than 
when spread on surfaces. C. pseudotuberculosis survived 
for 6 months or more in sterilized soils and for 3-7 
weeks in unsterilized sandy loam. The bacterial 
agglutination serodiagnostic test appeared to be a 
useful in vitro immunodiagnostic test for ovine caseous 
lymphadenitis. A relationship was revealed between 
certain ovine lymphocyte antigens (OLA) alleles and 
predisposition to either or both superficial and 
visceral forms of the disease. OLA allele 214 was 
significantly associated with predisposition to all 
forms of the disease.
1.9 PROBLEMS IN 1987
1.9.1 Diagnostic tests
(a) Few of the serological tests described have widespread
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acceptance because of the lack of specificity or sensitivity or 
both. Though several serodiagnostic tests are available for 
measuring the antibody response to exotoxin, the systems 
available for measuring antibody response to cell wall antigens 
are limited (Shigidi, 1979). Autoagglutination of the organism is 
an impediment to the development of an agglutination test. 
Complicated pretreatments have been used to obtain a bacterial 
antigen for agglutination tests. The addition of 1 per cent. 
Tween 80 to growth medium has been reported as an effective 
method to prevent autoagglutination (Lund et a^.,1982). In 
another study the agglutinating lipid layer was removed by 
treatment with petroleum ether (Hard, 1975). The 
autoagglutinating tendency of other organisms has been controlled 
in serological assays by using magnesium chloride as a component 
in the diluent (Pugh and Hughes, 1970). Combination of 
pretreatments and addition of magnesium chloride in the diluent 
needs to be investigated in C. pseudotubercu1osis serology.
Enzyme linked immunosorbent assay has been reported as an 
effective, sensitive and reliable system for the detection of 
antibodies against C. pseudotuberculosis in experimental 
infection. However the antigens used for ELISA need further 
standardization. Recently in a study involving evaluation of 
immunity in sheep following vaccination with C. 
pseudotuberculosis bacterin, the vaccinated animals did not 
develop increased antibody titres until after the challenge 
exposure as evinced by the ELISA test (LeaMaster et ■ al.,1987).
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The animals were immunologically protected against the challenge 
exposure. It seems the antigens selected for use in the ELISA 
might not have been those responsible for stimulation of 
protective immunity in lambs. ELISA might perhaps be further 
standardized to detect IgM antibodies in sera of infected animals 
and thus help in early detection of the disease. Maki et 
al.,(1985) standardized the test to detect the IgG type of 
antibodies and could detect them 30-60 days postinfection.
(b) Keeping in view the cell wall similarity of Corynebacteria 
and Mycobacteria, and the success of skin testing in 
Mycobacterium tuberculosis and M.bovis, the application of skin 
testing to caseous lymphadenitis of sheep and goats needs to be 
investigated further. There have been a few reports of skin 
testing with crude antigens but more work is required on the 
standardization of skin testing reagent and the type of response 
at different stages of the infection.
(c) Some of the quick diagnostic tests viz 
counterimmunoelectrophoresis need to be studied with different 
types of antigens viz the toxin, the cell wall antigen and 
disintegrated whole cells.
1.9.2 Vaccines
No effective vaccine, killed or attenuated, is available to 
provide an absolute immunity in sheep and goats against caseous
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lymphadenitis. Contrary to the earlier reports, Brogden et al., 
(1985) claimed BCG could not be effectively used against C. 
pseudotuberculosis infection. Most of the killed vaccines (whole 
cell or cell wall) merely reduce the number of abscesses or the 
amount of bacterial load in the abscesses, but there is no 
absolute immunity. In order to enhance immunity with the killed 
vaccines some immunostimulants need to be investigated. Promising 
results have not been obtained with BCG, MDP, and ^ C. parvum".
Exotoxin based vaccines are being used in Australia but a few 
vaccinated animals do show abscesses after the challenge. Killed 
vaccines, in general, are the least efficacious in preventing 
infection by facultative intracellular bacteria , such as C. 
pseudotuberculosis (Collins and Campbell, 1982) and this may 
account for the poor performance of these vaccines. There is 
therefore some prospect that a live vaccine might stimulate cell 
mediated immunity and protect the host against abscess formation.
1.9.3 Immunity
Both humoral and cellular immunity have been demonstrated 
following inoculation of C. pseudotuberculosis in animals. There 
is little information on whether the protracted pathogenesis is 
due to some property of the organism or to the failure of host 
defense mechanisms. The effector functions of protective immunity 
need to be investigated. The facultative intracellular nature of
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the organism and its cell wall similarity with Mycobacterium 
tuberculosis suggest a role for delayed type hypersensitivity 
responses in containment of infection or immunity against 
reinfection.
1.9.4 Antigenic relationships
Little is known about the antigenic relationships between 
C.pseudotuberculosis strains of different origin. Shigidi (1974) 
observed no differences in strains from different sources. Two 
serotypes have been described on the basis of antigenic 
relationship, nitrate test and the pathogenicity in guinea pigs 
(Barakat et al.,1984). These and other possible strain 
differences need to be elucidated further in order to select a 
suitable immunogenic and least pathogenic strain for production 
of a live vaccine.
1.10 PRESENT STUDY
Because of the difficulty in controlling caseous 
lymphadenitis, there has been much investigation into the 
mechanisms of protective immunity with the aim of helping 
development of a successful vaccine. The organism poses certain 
unusual immunological problems because of its protracted 
pathogenesis and the apparent lack of immunity after natural 
infection.
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Attempts to investigate the importance of cell mediated 
immunity and humoral immunity have been undertaken in infected 
ovine, caprine, murine and guinea pig hosts with no indication 
that one type of immunity is more important than the other. There 
is paucity of information on interaction of the organism with 
host defense mechanisms at the site of primary infection and 
subsequent challenge. The effector functions of protective 
immunity i.e (i) inhibition of abscess formation (ii) inhibition 
of dissemination from the localized lesions (iii) bacteriostasis 
(iv) bactericidal activity (v) tissue damage, require a detailed 
investigation. The relevance of each effector function may depend 
on whether resistance to superficial or systemic infection is 
being considered.
C. pseudotuberculosis and Mycobacterium spp have many 
similarities in cell wall structure and since both are 
facultative intracellular organisms, cell mediated immunity is 
expected to play an important part in the protective immune 
response for both. The intradermal response has long been used as 
a measure of infection and the state of cell mediated immunity in 
tuberculosis and other mycobacterial diseases. It has been 
suggested recently (Batey, 1986b) that corynebacterial lipid 
appears to be limited in its effects to cytotoxicity and it is 
not involved in the delayed type hypersensitivity responses as in 
Mycobacterium tuberculosis (Raffel, 1948).
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Keeping in view these outstanding questions, the present 
study is intended to generate detailed information on:
(i) Interaction of the organism with host defense mechanisms at 
the primary site of infection and subsequent challenge.
(ii) Effector functions of protective immunity.
The intention was to investigate if Koch’s phenomenon occurs 
in C. pseudotuberculosis infection in guinea pigs or not. (see 
appendix I for Koch’s original paper on this phenomenon and 
English translation of the relevant portion). As is evident from 
the paper, Koch did not make any cultures from the challenge site 
or the local lymph nodes and internal organs to ascertain absence 
of dissemination of the challenge inoculum. In the present study 
attempts will be made to study the modulation of host response in 
C. pseudotuberculosis infected guinea pigs following reinfection 
with the same strain or another strain differing in 
susceptibility to antibiotics but similar in its virulence for 
guinea pigs. The knowledge so obtained will, it is hoped , 
create a better basis than currently exists for a suitable 
diagnostic test and/or vaccine, both needed for control of C. 
pseudotuberculosis infection in localities where the natural 
disease is endemic.
1.10.1 General plan of the study
The intention was to infect laboratory animal models (guinea 
pigs or mice) with varying doses of C. pseudotuberculosis by 
different routes and to make detailed studies on the course of 
infection by clinical, pathological and microbiological 
investigations. Interaction of the organism with host defense 
mechanisms at the site of inoculation would be monitored by 
measuring the inoculation site at regular intervals. Progress of 
infection i.e dissemination from the primary site of inoculation 
would also be studied.
A marker strain (antibiotic resistant) as similar as possible 
to the parent strain in its virulence for laboratory animals, 
would be isolated and characterized and used for the challenge 
experiments. Multiplication of the organism at the challenge 
site, its interaction with the host defense mechanisms, and 
dissemination would also be studied by determining the presence 
of the marker strain at the challenge site, the draining lymph 
nodes and internal organs.
1.10.2 Departures from the plan of study
(a) Initially it was planned to do detailed studies on the 
course of infection in mice but after a few experiments it was 
found that because of the below mentioned reasons, the guinea
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pig was a better animal model for such investigation. No further 
experiments were then done on mice, despite the continued 
appearance of publications in which these animals have been used 
for pseudotuberculosis studies.
Observations Mice Guinea pig
Rate of spread mice were too small guinea pigs showed
of infection to show lesions a progressive
which reflected the infection following
spread of infection different routes of
infection
Susceptibi1ity 
to infection
Visibility of
lymphatic
spread
Following i/p 
inoculation lesions 
were not consistent 
though somewhat dose 
dependant. They were 
too susceptible to 
overwhelming infection.
Difficult to make 
out.
Susceptible to very 
low doses but 
infection was chronic 
and progressive
Easy to observe 
in guinea pig
Nature of lesion Suppurative foci 
in liver following 
i/p inoculation
Following i/p or 
i/m route 
pyogranulomas at 
the site of 
inoculation,local 
lymph node, spleen 
and liver. Abscess 
at the site of 
inoculation is hard 
and thick walled.
Oral feeding resulted 
in involvement of lymph 
nodes of head and neck
Quantitative 
measurements of 
lesion size
Difficult to 
do
Easy to do
87
Feasibility of Mice too small Good
testing for 
delayed type 
hypersensitivity
(b) During studies on the course of C.pseudotuberculosis 
infection in guinea pigs, it was observed that the organism has a 
tendency to settle in inflammatory sites and the draining lymph 
nodes following i/p, i/m, or oral infection. Experiments were 
designed to investigate the secondary localization of the 
organism following oral or i/p infection, followed by inoculation 
of foreign substances in fore and/or hind limbs.
(c) In preliminary experiments on the course of C. 
pseudotuberculosis infection in guinea pigs there was a 
suggestion that there is an early systemic, possibly bacteraemic, 
spread of the organism. Attempts were made to study this early 
bacteraemia following various routes of infection and its role in 
causing secondary lesions in infected guinea pigs. Because of the 
difficulty of obtaining frequent blood samples in guinea pigs 
these experiments were subsequently done in rabbits.
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CHAPTER 2 
MATERIALS AND METHODS
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2.1 ORGANISM
The strains of C. pseudotuberculosis used are shown in Table
2-1 with the country of origin and the animal species from which 
they were originally isolated. All strains were received in 
freeze dried ampoules from the culture collection of the 
department of microbiology University of Surrey. The contents of 
ampoules were reconstituted in nutrient broth (Oxoid, CM 1/2), 
inoculated onto blood agar (sheep blood, 5 per cent. in blood 
agar base Oxoid, CM55) and incubated at 37C for 48hr to check the 
purity. Strain 1100, originally isolated from a case of caseous 
lymphadenitis in sheep in Iran, was used throughout the 
investigation for infection experiments. Two antibiotic resistant 
mutants of Strain 1100 isolated in the laboratory were also used 
for infection and challenge of previously infected guinea pigs.
2.2 PRELIMINARY CHARACTERIZATION OF STRAINS
The strains were examined for colonial morphology and Gram 
stain appearance after growth for 48hr on blood agar plates at 
37C. They were tested for their ability to form a pellicle in 
liquid medium (nutrient broth). The following biochemical tests 
were performed.
(a) Catalase production
The strains were grown on nutrient agar slopes (Oxoid, CM/3). 
A small amount of culture was transferred from the plate, using a 
wire loop, to a drop of 3 per cent, hydrogen peroxide. Evolution 
of gas bubbles was recorded as positive.
TABLE 2-1
DETAILS OF THE STRAINS USED IN THE PRESENT STUDY
Department of microbiology 
University of Surrey 
culture collection Country 
no.
Species Source
1100 Iran Sheep Caseous lymphadenitis
1003 France Cow Mastitis
1004 France Lamb Not known
1013 Australia Sheep Lymph node
1096 Germany Sheep Not known
1178 Egypt Buffalo Not known
1032 Kenya Goat Mesenteric lymph node
1021 Canada Deer Thoracic wall abscess
1038 Czechoslovakia Horse Ulcerative lymphangitis
299 United Kingdom Lamb Imported lamb carcass
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(b) Urease Production
Urea agar slopes (Christensen's urea medium Oxoid CM53) were 
inoculated heavily, incubated at 37C and examined after 4hr 
incubation and daily for 5 days. Red colour indicated a positive 
reaction.
(c) Nitrate Reduction
It was determined according to the method of Cowan (1974). 
Nitrate broth (Nutrient broth no.2, Oxoid CM67 25g, potassium 
nitrate lg, distilled water 11) was inoculated with each strain, 
incubated at 37C for 72hr and tested for the presence of nitrite 
by the addition of reagents A and B (Cowan,1974). The residual 
nitrate was detected by the addition of powdered zinc.
(d) Methyl red (MR) reaction
It was determined according to the method of Cowan (1974). 
Methyl red test medium (Oxoid CM43) was inoculated with each 
strain, incubated for 2 days at 37C and tested for methyl red 
reaction by the addition of 2-3 drops of 0.04 per cent methyl red 
solution. A magenta red colour indicated a positive reaction.
(e) Pyrazinamidase activity
It was determined according to a modification (Finegold and 
Baron,1986) of the original method described by Sulea et 
al.,(1980). Top half of the butts of the substrate medium (Bacto 
agar, 2g , pyrazinamide (Sigma Chemical Co.) O.lg, pyruvic acid, 
sodium salt (Sigma Chemical Co.) 2g, distilled water 1 1) were 
inoculated heavily. After incubation for 2hr at 37C, 1ml of
freshly prepared 1 per cent, ferrous ammonium sulphate (O.lg 
ferrous ammonium sulphate (Sigma Chemical Co.) in 10ml of sterile 
distilled water) was added. Tubes were examined for a rusty pink 
band in the agar after 1-5 minutes at room temperature. An 
additional incubation for 4hr in the refrigerator enhanced the 
colour formation.
(f) Carbohydrate fermentations
The ability of C. pseudotuberculosis strains to ferment 
carbohydrates (dextrose, maltose, lactose, sucrose, trehalose, 
xylose, ribose, mannitol, salicin, and arabinose) was evaluated 
by the use of Andrade’s peptone water (Oxoid, CM 61/62) 
containing 1 per cent, desired carbohydrates; at the time of 
inoculation, sterile calf serum (0.1 ml.) was added to 3ml. of 
the media. Tubes of medium were inoculated with 1 to 3 colonies 
from a 48hr culture on blood agar (5 per cent sheep blood, in 
blood agar base), incubated at 37C and observed daily for up 
to 5 days; those that turned pink were recorded as positive.
2.3 PHOSPHOLIPASE D ACTIVITY
It was determined according to the method of Barksdale et 
al.,(1981). Both the synergistic haemolysis test (synergistic 
haemolysis between phospholipase D of C. pseudotuberculosis and 
phospholipase C of C. equi ) and inhibition of the CAMP (Christie 
Atkins Munch-Peterson) test (inhibition of the synergistic 
haemolysis produced by staphylococcal B lysin and a protein from
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Streptococcus agalactiae) were done to evaluate the phospholipase 
D activity of each strain.
(a) Detection of Phospholipase D by synergistic haemolysis
between C. pseudotuberculosis and C. equi 
All cultures were grown overnight on blood agar slants. 
Masses of overnight growth were taken up on sterile cotton swabs 
and smudged on the blood agar plates (sheep blood 5 per cent.) 
according to the pattern shown in Diagram 2-Ia where C. equi 
(culture collection no.2662) was inoculated in the centre of the 
plate and the cultures of C. pseudotuberculosis were inoculated 
radial to the centre. The inoculated plates were incubated for 
48hr at 37C and scored for haemolysis.
(b) Detection of phospholipase D by inhibition of the CAMP test
Fresh cultures of each organism needed for performance of 
the test were incubated overnight on blood agar plates . A 5 per 
cent. sheep blood agar plate was inoculated with the test 
organism by swabbing the colonies with a cotton tipped swab and 
rubbing the swab on the surface of test plate in the pattern 
shown in Diagram 2-Ib. Plates were incubated for 48hr at 37C. 
Inhibition of the enhanced zone of haemolysis formed at the 
junction of Streptococcus agalactiae (culture collection no.117) 
and Staphylococcus aureus (culture collection no.2673) was caused 
by phospholipase D of C. pseudotuberculosis.
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Diagram 2-Ia. Pattern of inoculation of equi and C.
pseudotuberculosis on blood agar plates 
for detection of Phospholipase D by 
synergistic haemolysis.
Diagram 2-Ib. Pattern for inoculation of S_^ aureus, S.
agalactiae and Ch_ pseudotuberculosis for 
detection of Phospholipase D by inhibition 
of CAMP test.
•a  i
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2.4 ANTIBIOTIC SENSITIVITY
Strains were tested for resistance to a range of 21 
antibiotics and sulphonamides contained on single discs (Oxoid) 
as shown in Table 2-II. Each strain was inoculated into brain 
heart infusion broth containing 0.1 per cent Tween 80 and 
incubated at 37C for 18h. Volumes of 0.1 ml of a 10“  ^ dilution 
of BHIBT culture in 0.85 per cent, (w/v) saline with 0.1 per 
cent Tween 80 were spread over the surface of 20ml volumes of 
diagnostic sensitivity test agar (Oxoid CM261) containing 5 per 
cent, sheep blood. The plates were dried at 37C, the discs were 
added and after incubation for 24hr at 37C , zones of inhibition 
were measured. Standard strain of Escherichia coli (NCTC 10418) 
was used as sensitive control.
2.5 ISOLATION AND CHARACTERIZATION OF ANTIBIOTIC RESISTANT 
MUTANTS
An 18hr BHIBT culture of C. pseudotuberculosis was mixed with 
an equal volume of BHIBT containing 1.25mg of streptomycin 
sulphate (Sigma Chemical Co.) per ml. The culture was further 
incubated at 37C for another 18 hr with shaking. After incubation 
the culture was centrifuged and pelleted cells were plated onto 
brain heart infusion agar (BHIA) and blood agar (5 per cent sheep 
blood) plates containing different concentrations (50-500ug per 
ml.) of streptomycin sulphate. Afer 48hr BHIA plates showed very
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TABLE 2-II 
ANTIBIOTICS USED FOR SENSITIVITY TESTING
Antibiotic Concentration Antibiotic Concentration
Streptomycin lOug Neomycin lOug
Ampicillin lOug Gentamicin lOug
Penicillin 2ug Bacitracin lOug
Terramycin lOug Trimethoprim 1.25ug
Cephaloridine 25ug Sulfafurazol lOOug
Cloxacillin 5ug Chloramphenicol lOug
Kanamycin 30ug Clindamycin 2ug
Erythromycin 15ug Methicillin lOug
Rifampicin 2ug Novobiocin 5ug
Polymyxin 300ug Carbenicillin lOOug
Vancomycin 5ug
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scanty growth but blood agar plates showed a few colonies in 
plates containing different concentrations of the antibiotic. 
Colonies observed on plates containing 200ug of streptomycin 
sulphate per ml of the medium were picked up and further passaged 
in both liquid and solid medium containing higher concentrations 
of streptomycin sulphate. Finally a mutant which could grow in 
the presence of 500ug of streptomycin sulphate per ml was picked 
up and subjected to preliminary characterization and 
pathogenicity tests in laboratory animals. Simultaneously the 
1100(S) mutant was repeatedly passaged in BHIBT containing 500ug 
of streptomycin sulphate per ml and varying concentrations (0.2ug 
to lOug) of erythromycin per ml. After a few passages a mutant 
was obtained which could grow in the presence of 500ug of 
streptomycin sulphate and 5ug of erythromycin per ml of the 
medium. This mutant (1100 E+S) was also subjected to preliminary 
characterization and pathogenicity tests in guinea pigs. The 
double antibiotic resistant mutant was used for studying the 
modulation of host response at primary and challenge sites.
2.6 ANIMALS
The AVR strain of mice and Duncan Hartley male guinea pigs of 
8-10 weeks of age were used throughout the investigation. For the 
bacteraemia experiments adult New Zealand white rabbits were 
used. During the experimental period animals were maintained on 
sterile pelleted diet and water ad libitum.
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2.7 PREPARATION OF INOCULA FOR INFECTION
Bacterial suspensions for infecting guinea pigs and mice were 
produced by inoculation of brain heart infusion broth (Gibco 152- 
0680) containing 0.1 per cent Tween 80 (BHIBT). Inoculated broth 
was incubated at 37C for 18hr. For i/m inoculation a 10"4 or 10“6 
dilution of this broth culture in 0.85 per cent.(w/v) saline 
containing 0.1 per cent Tween 80 was used. For oral or i/p 
infection, the broth culture was centrifuged and the cell pellet 
was resuspended in Tween saline and used for infection. The 
counts of cfu/ml of each inoculum were determined retrospectively 
by standard plate counts on blood agar plates. The bacterial 
suspensions of the antibiotic resistant mutants were similarly 
prepared for infecting guinea pigs or challenge of the 
convalescent animals.
2.8 PREPARATION OF CHALLENGE INOCULA FOR STUDYING THE MODULATION
OF HOST RESPONSE
An 18hr culture of C. pseudotuberculosis (strain 1100) in 
BHIBT was centrifuged at 2,500 x g for 15 min, the cell pellet 
was resuspended in 0.85 per cent saline (w/v) containing 0.1 per 
cent Tween 80. 10"^ and 10”2 dilutions of the saline suspension 
were used as the challenge inoculum for the groups challenged 
with ten times the normal dose and the usual challenge dose 
respectively. For the group challenged with a heat killed dose, 1 
ml. of 10“2 dilution of the above mentioned saline suspension was 
heated at 80C for 30 min in a water bath and used after the 
treatment (culture on blood agar was made from the treated
suspension as a test for sterility of the inoculum).
For the group challenged with the dose incorporated in 
Freund's incomplete adjuvant, equal volumes of the aqueous 
suspension of the organism (2 X usual challenge dose) and 
incomplete Freund's adjuvant (Difco) were thoroughly emulsified 
and used for the challenge.
2.9 ANIMAL INOCULATION
For i/m infection 0.2ml of a standardized suspension of the 
organism was injected into the left leg (gluteal muscle) using a 
21 gauge needle. Guinea pigs were inoculated orally using a 16 
gauge needle from which the sharp end had been removed. Volumes 
of inocula of 0.5ml were delivered with the needle placed at the 
oropharynx . For i/p inoculation the abdominal skin was picked 
up, the needle was carefully introduced in the peritoneal cavity 
and 0.5ml of the suspension was injected (care was taken to avoid 
subcutaneous infiltration of the inoculum resulting in a residual 
lesion at the site).
2.10 CLINICAL STUDIES:
(a) Body weight measurements
Both infected and control guinea pigs were weighed every 
alternate day following infection.
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(b) Gluteal measurements
Following i/m inoculation in the gluteal muscle, the site of 
inoculation was monitored by measuring the gluteal circumference 
of the inoculated and control legs every alternate day following 
infection, using a low tension loop device fabricated in the 
laboratory which gave an acceptable accuracy (+2mm). As is 
evident from Plate-I the instrument has a tension band (rubber) 
in the centre, which is fixed at one end and its other end is 
attached to a cursor on the scale. The cursor is further affixed 
to a leg loop which is made of string, the cursor can be locked 
at any position on the scale. For taking measurements the cursor 
was fixed at a position giving maximum dimension of the leg loop. 
The loop was put around the guinea pig leg and the cursor was 
released, the loop encircled around the leg and as it achieved 
the desired position the cursor was locked and the reading on the 
scale was recorded. The actual circumference was obtained from a 
standard curve.
2.11 HAEMATOLOGICAL STUDIES:
(a) Packed cell volume
Thin capillary tubes were filled with blood containing EDTA 
(ethylene diamine tetra acetate disodium salt), sealed at one end 
with plasticine and centrifuged in a microhaematocrit centrifuge 
(MSE scientific Instruments Ltd., Sussex, England). The 
percentage haematocrit was determined in a microhaematocrit 
reader (MSE Scientific Instruments Ltd., Sussex, England). Each
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Plate I. Instrument ("legometer") fabricated in the 
laboratory and used for measuring the gluteal 
circumference in guinea pigs.
A. Thread loop
B. Cursor
C. Tension (rubber) band
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blood sample was analysed in triplicate.
(b) Erythrocyte sedimentation rate (ESR)
ESR was determined as described by Schalm et al., (1975). The 
Wintrobe haematocrit tubes were filled to the top of the 100mm 
scale and placed in a vertical position at room temperature. The 
level in mm to which the top of the erythrocyte column fell in 
exactly lhr was recorded as the observed ESR.
(c) Haemoglobin assay
Haemoglobin was determined by the cyanmethaemoglobin method, 
using Drabkin’s reagent (200mg potassium ferricyanide, 50mg 
potassium cyanide and 140mg potassium dihydrogen phosphate made 
up to 11 with distilled water). The standard curve was prepared 
using commercially available standards containing 3.0 g%, 11.5 
g%, and 18.0 g% of haemoglobin (Diagnostic Reagents Ltd., Thame, 
Oxon, England) using Drabkin’s reagent as blank. The absorbance 
at 540nm was determined in a SP6-450 UV/VIS spectrophotometer 
(Pye Unicam Ltd. Cambridge England).
The test samples in EDTA were made up as 1:200 solutions with 
Drabkin’s reagent and the absorbance determined at 540nm in a 
SP6-450 UV/vis spectrophotometer (Pye Unicam Ltd., Cambridge, 
England). The haemoglobin was determined from the standard curve 
and expressed as g%.
(d) Total erythrocyte and leucocyte counts
These were determined according to Schalm et al.,(1975), 
using an improved Neubauer’s counting chamber.
(e) Differential leucocyte counts
Thin blood films were made on glass, identified with a 
diamond marker on the same side as the smear, air dried and 
covered with commercially available Leishman stain solution 
(Raymond H. Lamb. London. England). After 2 min an equal volume 
of buffer (60 ml of 9.464g/l di sodium hydrogen phosphate and 40 
ml of 9.073 g/1 potassium di hydrogen phosphate, pH 6.98) (BDH 
Chemicals Ltd. Poole, England) was added. The slides were gently 
rocked to aid mixing of the stain and buffer. After staining for 
6-8 min. the slides were washed in a stream of buffer until the 
smear attained a pinkish tinge. Slides were air dried and 
examined under oil immersion with a magnification of 1 X 400.
One hundred leucocytes were counted and classified by moving 
the slide across the lens in a zig- zag fashion. The leucocytes 
were classified as eosinophils, neutrophils, basophils, monocytes 
and lymphocytes.
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2.12 DETERMINATION OF TOTAL SERUM PROTEINS
These were determined by the biuret method as described by 
Wootton (1974), using bovine serum albumin (Sigma Chemical Co.) 
as the standard. 0.2ml of serum sample was mixed with 2.8ml of 
distilled water in duplicate and 5ml of biuret reagent was added. 
Contents of each tube were vortexed and allowed to stand at room 
temperature for 30 min. . The absorbance at 540nm was determined 
in a SP6-450 UV/VIS spectrophotometer (Pye Unicam Ltd., 
Cambridge, England) using a blank which contained distilled water 
instead of serum sample. The protein standard curve was prepared 
with serial dilutions from a stock solution of 20mg/ml bovine 
serum albumin. Total serum proteins were obtained from the 
standard curve.
2.13 GROSS AND HISTOPATHOLQGICAL EXAMINATION
Following infection by various routes, guinea pigs were 
sacrificed at regular intervals and subjected to a detailed 
necropsy. Lymphatic spread of the infection and visceral lesions 
were recorded on standard diagrams (see appendix II). No 
information could be found in the literature on the anatomy of 
the lymphatic system in adult guinea pigs, so a schematic diagram 
depicting the relative position of the lymph nodes in the rat 
(Thesle, 1915) was adopted for the purpose (see Diagram 2-II). 
Organ weights were determined and the number of lesions in the 
liver, spleen and lungs were recorded. Organ indices were 
obtained by the following formulae.
D8
Diagram 2-II. Relative position of lymph nodes in adult
rat. (Thesle, 1915.)
Location  of Lymph No d es
Thyroid 
Cranial cervical lymph nodes 
Mandibular salivary gland
Caudal cervical lymph node
Ventral mediastinal 
lymph nodes \  )
Dorsal mediastinal ^ "
lymph nodes
Heart
Mandibular lymph nodes 
P arotid salivary gland 
Sublingual salivary gland 
Superficial cervical lymph nodes
Trachea
Cranial sternal lymph nodes 
Accessory axillary lymph node 
Axillary lymph node
horacic aortic lymph nodes 
also dorsal to heart)
Cisternal lymph node 
Cisterna chyli 
Renal lymDh node 
Lateral iliac lymph node
Superficial inguinal lymoh node
Lumbar aortic lymph nodes
Deep inguinal iymDh node 
Iliac lymph nodes 
Popliteal lymph node
Sciatic lymph node 
(only present in some animals)
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Organ weight
Organ index =   X 100
Body weight
Tissues for histopathological examination were thinly cut and 
fixed in 10 per cent buffered neutral formalin and processed for 
histopathological examination as described by Bloom and Fawcett 
(1970). The slides were stained with haematoxylin and eosin and 
examined under a light microscope.
2.14 ENUMERATION OF C. PSEUDOTUBERCULOSIS IN TISSUES
Primary site of infection, challenge site, liver, spleen, 
lungs and local lymph nodes were aseptically collected following 
post mortem and C. pseudotuberculosis was quantitated by grinding 
the tissues (whole or a representative sample) in Griffith's 
tubes and suspending the slurry in 9 volumes of 0.85 per cent. 
(w/v) saline containing 0.1 per cent Tween 80. Appropriate 
dilutions were prepared and the concentration of the organism was 
determined by Miles and Misra counts on blood agar plates.
2.15 ENUMERATION OF ANTIBIOTIC RESISTANT MUTANTS IN TISSUES
Processing of the tissues was the same as mentioned above for 
the guinea pigs infected with the parent strain. Concentration of 
the organism was determined by Miles and Misra counts on blood
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agar plates containing 500ug of streptomycin sulphate (Sigma 
Chemical Co.) per ml and 5ug of erythromycin (Sigma Chemical 
Co.) per ml.
2.16 DETECTION OF BACTERAEMIA
Blood samples were collected by cardiac puncture in guinea 
pigs. Disodium ethylenediamine tetra-acetic acid (EDTA) was used 
as an anticoagulant (1-2 mg/ml of blood). Preliminary 
experimentation revealed that EDTA had no deleterious effect on
C. pseudotuberculosis counts at the concentration being used for 
anticoagulant activity. Frequent collection of blood samples in 
guinea pigs was fraught with difficulties, so further experiments 
on C. pseudotuberculosis induced bacteraemia were done in 
rabbits. Large numbers of blood samples could be collected by 
venepuncture from the ear veins. Samples were collected every 
minute during the first 20 minutes and subsequently the interval 
was increased. Each blood sample was plated in 0.1 ml quantities 
on five blood agar plates and the average of five plates was 
taken as the count at that interval.
2.17 INDUCTION OF SECONDARY LOCALIZATION OF C.
PSEUDOTUBERCULOSIS
Following infection by oral or intraperitoneal routes guinea 
pigs were injected i/m in the fore and/or hind limbs with either
incomplete Freund's adjuvant (0.5 ml), calcium chloride 10 per 
cent (0.2 ml), sterile sand (0.5 ml of a thick suspension) or 
0.85 per cent (w/v) saline containing 0.1 per cent Tween 80 (0.5 
ml) to induce secondary localization of C. pseudotuberculosis. 
The animals were clinically examined regularly for the presence 
of lumps at the inoculation site or in the lymph nodes draining 
them.
2.18 TRANSMISSION ELECTRON MICROSCOPY
Strains of pseudotuberculosis were grown at 37C for 24- 
48hr on blood agar (5 per cent sheep blood). The growth was 
scraped from the plates and suspended in 0.85 per cent (w/v) 
saline containing 0.1 per cent Tween 80. After centrifugation at 
2,500 x g for 15 min , the cells were resuspended in a few drops 
of the Tween saline. A thick suspension of the cells was mixed 
with an equal volume of 2 per cent. Noble agar (Difco) in 0.85 
per cent, (w/v) saline (at 45C). With a pasteur pipette the 
mixture was dripped onto a clean, grease free slide. Care was 
taken so that the organisms were evenly distributed in the agar. 
Small cubes of 1 mm were cut from the solidified agar containing 
organisms and processed for electron microscopy.
(i) cells were prefixed in 1 per cent, (w/v) osmium tetroxide 
(Agar aids Essex England) buffered with 0.15 M cacodylate buffer 
(Agar aids) for 2hr at room temperature.
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(ii) The prefixed cells were then washed in the same buffer and 
postfixed for 2hr at room temperature in 0.15 M cacodylate 
buffer containing tannic acid 2 per cent, (w/v) and 2 per cent 
(v/v) glutaraldehyde.
(iii) After washing with the same buffer cells were dehydrated in 
a graded series of ethanols and finally embedded in L R White 
resin (Agar aids). Embedded samples were cut on a ultramicrotome, 
stained with uranyl acetate and lead citrate and examined in a 
Philips 400 T scanning transmission electron microscope at 80 
K.V.
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CHAPTER 3
LABORATORY BACTERIOLOGY OF C. PSEUDOTUBERCULOSIS 
(WILD STRAINS AND TWO ANTIBIOTIC RESISTANT MUTANTS)
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3. LABORATORY BACTERIOLOGY OF C. PSEUDOTUBERCULOSIS (WILD 
STRAINS AND TWO ANTIBIOTIC RESISTANT MUTANTS)
Taxonomic bacteriology was not the aim of the present 
investigation but complete characterization of the strains to be 
used for animal experimentation was considered as an adjunct to 
the present study and the results obtained are described here for 
the sake of completeness only. The criteria used for 
identification of Corynebacterium pseudotubercu 1 osis vary between 
diagnostic laboratories and usually involve a limited number of 
tests. Considerable variation has been reported in the literature 
in biochemical reactions of this organism (Rogosa et al.,1974) 
and it may result from the differences in identification 
techniques or in their performance, or from isolate to isolate 
variation (Came, 1939; Jebb,1948; Barksdale, 1981). The problem 
could be alleviated if a constant pattern of the biochemical 
activity for many strains of C. pseudotuberculosis recovered from 
different species could be identified.
EXPERIMENTAL DESIGN
e
Ten strains of C. psudotuberculosis, isolated from a variety 
of host species were obtained from the culture collection of the 
department of microbiology, University of Surrey and subjected to 
a detailed biochemical characterization. This included tests for 
four enzymes (pyrazinamidase, urease, phospholipase-D, nitrate 
reductase) and carbohydrate fermentation. The antibiotic 
sensitivity of these strains to 21 antibiotics was also
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determined. Two antibiotic resistant mutants isolated by repeated 
transfer of the Strain.1100 in medium containing varying 
concentrations of the antibiotics were also subjected to 
preliminary biochemical characterization. Strains of C. 
pseudotuberculosis recovered from different species and the two 
antibiotic resistant mutants isolated in the laboratory were 
subjected to electron microscopic examination to detect any 
ultrastructural differences between the strains or between parent 
strain and the antibiotic resistant mutants.
RESULTS
(a) Biochemical characterization
All strains were similar in their colonial morphology and 
grew on blood agar (with 5 per cent, sheep blood) as medium 
sized, creamy white, dry, waxy colonies surrounded by a zone of 
clear haemolysis. Gram staining revealed Gram positive cocci and 
coccobacilli arranged in groups and less frequently in pairs or 
singly. All strains were able to grow as flakes on the surface of 
the broth; some produced complete pellicles and rings with a 
week's incubation. The flakes and pellicles were easily disrupted 
to produce a granular sediment at the bottom of the tube. 
However, all strains produced uniform turbidity in brain heart 
infusion broth (containing 0.1 per cent Tween 80). Perusal of 
Table 3-1 reveals that all strains were pyrazinamidase negative 
and catalase and urease positive, while nitrate was negative in 
all the strains except for one recovered from buffaloes and
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TABLE 3-1
BIOCHEMICAL CHARACTERISTICS OF TEN STRAINS OF 
CORYNEBACTERIUM PSEUDOTUBERCULOSIS
Characteristics Strains (culture collection no. )
1100 1003 1004 1013 1096 1178 1032 1021 1038 299
Pyrazinamidase
activity
Catalase + + + + + + + + + +
Urease + + + + + + + + + +
Phospholipase-D + + + + + + + + + +
Nitrate - - - - + - + -
M R + + + + + + + + + +
Acid from
Dextrose + + ■ + + + + + + + +
Lactose
Mannose + + + + + + + + + +
Mannitol - - - - - - - -
Maltose + + + + + + + + + +
Sucrose -
Trehalose
Xylose - -
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another from a horse. All isolates produced phospholipase D as 
revealed by synergistic haemolytic action with Corynebacterium 
equi and by inhibition of the CAMP test.
No gas was produced during fermentation of the carbohydrates. 
Maltose and dextrose were fermented rapidly (24 hr) by all 
strains. Sucrose, trehalose, xylose, mannitol and lactose were 
not fermented by any of the strains.
(b) Antibiotic sensitivity
Table 3-II shows the zones of inhibition produced by 21 
antibiotics against 10 strains of C. pseudotuberculosis. A zone 
size of 14mm was chosen arbitrarily to distinguish "resistant" 
from "sensitive" strains. This was satisfactory for most of the 
antibiotics where strains were either resistant or highly 
sensitive but less satisfactory for neomycin (lOug), trimethoprim 
(1.25ug), cloxacillin (5ug) and vancomycin (lOug), where, as can 
be seen from Table 3-II, the distinction between the resistant 
and the sensitive strains was less definite. All strains tested 
in this study were sensitive to ampicillin, penicillin, 
terramycin, cephaloridine, kanamycin, erythromycin, rifampicin, 
gentamicin, clindamycin, chloramphenicol and methicillin but 
resistant to streptomycin , bacitracin, polymyxin, sulfafurazol 
and novobiocin. Higher zones of inhibition were produced when 
streptomycin discs of higher potency were used.
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TABLE 3-II
ZONES OF INHIBITION PRODUCED BY 21 ANTIBIOTICS AGAINST TEN STRAINS OF
CORYNEBACTERIUM PSEUDOTUBERCULOSIS
Antibiotic Concentration Zones of inhibition produced against
C . pseudotuberculosis strains (mm)
1100 1178 1003 1004 1021 1032 1038 1096 299 1013
12 11 11 10 11 12 11 10 10Streptomycin
Ampicillin
Penicillin
Terramycin
Cephaloridine
Cloxacillin
Kanamycin
Erythromycin
Ri f ampi c in
Polymyxin
Vancomycin
Neomycin
Gent amicin
Bacitracin
Trimethoprim
Sulfafurazol
Clindamycin
Methicillin
Novobiocin
Carbenicillin
10 ug 13
10 ug 27
2 ug 21
10 ug 22
25 ug 30
5 ug 13
3 0 u g 18
15 ug 28
2 ug 31
3 0 0 ug
5 ug 13
10 ug
10 ug 22
10 ug 10
1.25 ug 15 
100 ug
2 ug 2 8
10 ug 21
5 ug 
100 ug 28
24 27 23
21 22 19
19 18 20
26 38 NT
16 14 12
19 19 20
28 36 30
24 32 30
12 14 12
13 12 10
20 22 21
11
16
24 27 25
26 30 26
26 26 19
33 34 32
25 26 24
21 23 20
23 30 20
31 34 NT
14 17 15
17 16 20
32 33 31
28 30 26
12 14 12
14 10
18 20 18
11 10
15 16
28 28 23
26 30 28
19 20 25
30 31 32
2 9 2 7 2 5
23 22 19
23 24 24
30 31 32
17 14 14
17 16 16
31 30 30
31 30 30
13 12 12
12
19 18 20
10 10 10
12 12
26 26 26
26 26 28
26 22 19
32 32 32
Chloramphenicol 10 ug 27
NT Not tested
No zones were observed
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(c) Preliminary characterization of antibiotic resistant mutants
A streptomycin ultraresistant mutant was isolated by repeated 
transfer of the parent strain (1100) in media containing a high 
concentration of the antibiotic. As is evident in Table 3-III the 
preliminary biochemical characterization of this mutant showed 
it to be similar to the parent strain in almost all attributes 
except for its ability to grow in the presence of 500ug /ml of 
streptomycin in the medium. The parent strain was unable to grow 
at such a high concentration of the antibiotic. The double 
antibiotic resistant mutant isolated by repeated transfer of the 
streptomycin resistant mutant in medium containing varying 
concentrations of erythromycin, was identical to the parent and 
streptomycin ultraresistant strains in its biochemical reactions 
but it produced slightly smaller colonies on the solid medium 
(blood agar). There was no difference in the haemolytic activity 
of the parent and double antibiotic resistant mutant on sheep or 
horse blood containing plates. The double antibiotic resistant 
mutant could grow in the presence of 500ug/ml of streptomycin 
sulphate and 5ug of erythromycin in the medium. Both the mutants 
were almost similar to the parent strain in their virulence for 
guinea pigs (see chapter4 ).
(d) Transmission electron microscopy
Strains of C^ _ pseudotuberculosis recovered from sheep, goats, 
horses and buffaloes and the two antibiotic resistant mutants 
examined in the present study showed a squatly ovoid morphology
TABLE 3-III
CHARACTERISTICS OF PARENT AND ANTIBIOTIC RESISTANT 
MUTANTS OF CORYNEBACTERIUM PSEUDOTUBERCULOSIS
Characteristics Parent
strain
Streptomycin
ultraresistant
strain
Streptomycin 
and erythromycin 
resistant strain
(a) Biochemical
Catalase + + +
Urease + + +
Phospholipase-D + + +
Nitrate - - -
Acid from
Dextrose + + +
Sucrose - - -
Ribose - - -
Lactose - - -
Mannitol - - -
Maltose + + +
Trehalose - - ■-
Xylose - - -
(b) Growth in 
presence of 500ug 
streptomycin per 
ml of medium
- + +
(c) Growth in 
presence of 500ug 
streptomycin and 
5ug erythromycin 
per ml of medium.
- - +
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while cigar and club shaped organisms were also frequent (for 
details of the method used for processing of bacterial cells for 
transmission electron microscopy see Chapter 2). All wild strains 
and two antibiotic resistant mutants showed the existence of an 
outer electron dense floccular layer usually separated from the 
cell wall by a narrow clear space (see plate II). Considerable 
variation in the thickness of the outer layer in individual 
organisms and between the strains was also seen. The outer layer 
seemed to continue between the adjacent organisms (see plate 
III). Apparently no ultrastructural differences could be detected 
between the parent and two antibiotic resistant mutants. It 
seemed the present method of processing the organism for electron 
microscopy had not preserved the outer floccular layer completely 
as evidenced by the irregularity in the thickness of this layer.
GENERAL DISCUSSION
Except for the nitrate reduction by Strain 1038 (recovered 
from horses) and Strain 1178 (recovered from buffaloes), all ten 
strains were uniform in their other biochemical and cultural 
characteristics. Two biotypes of C_^ pseudotuberculosis have been 
recognized on the basis of the nitrate reduction test. Strains 
recovered from small ruminants are nitrate negative while strains 
isolated from horses invariably reduce nitrate (Biberstein et 
al.,1971). Recently, on the basis of a detailed biochemical and 
genetic characterization of 94 strains of this organism recovered 
from 4 host species (sheep, goats, horses and cattle) , Songer et 
al., (1988) suggested that all nitrate reductase negative strains
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Plate II. Electron micrograph of pseudotuberculosis
strain 1100 (recovered from sheep) X 100,000
(i) Note the electron dense layer external to cell 
wall.
Plate III. Electron micrograph of pseudotuberculosis
strain 1100 (recovered from sheep) X 60,000
(i) Note the continuity of the external layer from 
one cell to the other cells (perhaps responsible 
for keeping them in clusters.

should be referred to as biovar ovis and the nitrate positive 
ones as biovar equi. The differential host preference by nitrate 
reductase positive and negative organisms has not been explained. 
Nitrate positive strains when inoculated into goats can produce 
lesions and disease indistinguishable from that caused by nitrate 
negative organisms.
In the present study all the strains of pseudotuberculosis 
were found to produce phospholipase D as evinced by synergistic 
haemolysis with equi or inhibition of the CAMP test. It has 
been suggested that continual biosynthesis of this enzyme may be 
required for the viability of the organism, considering the 
apparent lack of naturally occurring PLD nonproducers and 
preservation of PLD production in isolates subcultured in the 
laboratory for > 40 years (Songer et al.,1988). Assay of 
resistance to a wide variety of compounds revealed that the 
resistance of this organism was extremely low. All strains were 
sensitive to ampicillin, penicillin, terramycin, cephaloridine, 
kanamycin, erythromycin, rifampicin, gentamicin, clindamycin, 
chloramphenicol and methicillin but resistant to streptomycin, 
bacitracin, polymyxin, sulfafurazol, and novobiocin. This 
corroborates and extends the findings of other workers (Ashfaq 
and Campbell, 1979; Muckle and Gyles, 1982).
Apparently no ultrastructural differences could be detected 
in strains isolated from different species. All strains examined
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showed the presence of an outer electron dense layer usually 
separated from the cell wall by a narrow space. This corroborates 
and extends the finding of others (Hard, 1969). No 
ultrastructural differences could be detected between the parent 
(1100) and two antibiotic resistant mutants (1100 S, 1100 E+S).
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CHAPTER 4
THE COURSE OF C. PSEUDOTUBERCULOSIS INFECTION IN MICE AND GUINEA
PIGS
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4. THE COURSE OF C. PSEUDOTUBERCULOSIS INFECTION IN MICE AND 
GUINEA PIGS
Caseous lymphadenitis in sheep is believed to be initiated by 
skin or wound infection, with subsequent involvement of the lymph 
nodes and visceral organs, particularly lungs. Both guinea pigs 
(Dickinson and Bull, 1931) and mice (Tobin and Morse, 1957; 
Jolly, 1965b) have been used as experimental animal models of the 
disease, the former being highly sensitive to infection. Jolly 
(1965b) observed that unlike guinea pigs, mice are able to 
contain the infection. However, while studying the interaction 
between phagocytes from different host species and C. 
pseudotuberculosis, Hard (1972) observed that mouse macrophages 
quickly succumbed to the necrotizing action of the organism. 
Contrary to that, rabbit polymorphonuclear leucocytes (PMN) 
exerted an extremely rapid destructive action on the organism; 
rabbit macrophages and guinea pig PMN and macrophages also 
destroyed the organism but less effectively.
The purpose of the present investigation was to chose an 
experimental animal model in which it was possible to study the 
host - bacterium interaction at the site of primary infection and 
subsequent challenge. Special emphasis was given to the 
suitability of the animal model for studying both lymphatic and 
haematogenous spread of infection. Preliminary experiments 
revealed the suitability of guinea pigs for further studies (see 
Chapter 1 section 1.10.2 "Departures from the plan of study")
but the results obtained with experimental infections in mice are 
described here for the sake of completeness.
4.1 THE COURSE OF C. PSEUDOTUBERCULOSIS (WILD STRAIN) INFECTION 
IN MICE
EXPERIMENTAL DESIGN
Groups of mice were infected by intraperitoneal (i/p), 
intramuscular (i/m), and foot pad routes of inoculation, with 
varying doses of C. pseudotuberculosis Strain 1100 which was 
originally isolated from a case of caseous lymphadenitis in Iran. 
Mortality pattern and lesion distribution were recorded in the 
groups inoculated with different doses. Fate of the inoculum 
within 2 hr post infection by the i/p route was also studied.
RESULTS
(a) Gross pathological and bacteriological observations
Mice were found to be highly susceptible when inoculated with 
Strain 1100 of C. pseudotuberculosis by different routes. Within 
2hr postinfection by i/p route, organisms were recovered from the 
spleen, liver and lungs. Mortality pattern and distribution of 
the lesions following infection with varying doses of the 
organism are evident from Table 4-1 and 4-II. Intraperitoneal 
inoculation of 5.3 X 10^ cfu resulted in 100 per cent, mortality 
within 2 days. Same dose when given by i/m route caused 75 per
TABLE 4-1
MORTALITY PATTERN IN AVR MICE INOCULATED WITH C. 
PSEUDOTUBERCULOSIS(WILD STRAIN)
Inoculum Route Number Deaths
(cfu) inoculated
<=2 days 3-9days 10th day surviving
on 20th 
day
5.3 X 107 i/P 4 4 - - -
5.3 X 107 i/m 4 - 3 - 1
5.3 X 106 i/P 4 2 - - 2
5.3 X 106 i/m 4 - 1 1 2
5.3 X 105 i/P 4 1 - - 3
5.3 X 105 i/m 4 - - - 4
5.3 X 104 i/P 4. - - - 4
5.3 X 104 i/m 4 - - — 4
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TABLE 4-II
DISTRIBUTION OF LESIONS IN AVR MICE INOCULATED WITH C.
PSEUDOTUBERCULOSIS(WILD STRAIN)
Inoculum Route Number
(cfu) inoculated <=2
days
(died)
Timing of Death or Killing 
3-9 10th 10th 20th
days day day day
(died) (killed) (died) (killed)
5.3 X 10 i/p no lesions 
(4)
5.3 X 10 i/m local
lesion
(3)
local
lesion
(1 )
5.3 X 10 i/p no lesions 
(2)
peritonitis 
abscess on 
omentum 
(1 )
not
observed
(1)
5.3 X 10 i/m local
lesion
(1)
local
lesion
(1 )
local
lesion
(1 )
local
lesion
(1 )
5.3 X 10 i/p no lesions 
(1)
no lesions 
(1 )
lesions 
in liver 
(2)
5.3 X 10 i/m local
lesion
(1 )
local
lesion
(3)
5.3 X 10 i/p peritonitis 
lesions in 
liver (1)
lesions 
in liver 
(1 ) 
no 
lesions 
(2 )
5.3 X 10 i/m local 
lesion(1)
local
lesion
(3)
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cent mortality within 9 days. 5.3 X 10^ cfu by i/p route caused
death of 50 per cent, of mice only. Surviving mice killed on 10th 
day showed peritonitis and abscesses between the spleen and 
omentum (see plate IV) . Inoculation of mice with lower doses 
(5.3 X 105 or 5.3 X 10^) by i/p route resulted in chronic 
infection. There were no deaths over a 20 days observation period 
but the surviving mice showed lesions in the liver. No lesions 
were observed in the lungs or spleen. In general macroscopic 
lesions were not visible in mice dying at < 8 days ; whereas 
involvement of vital organs was invariably associated with the 
later deaths.
Intramuscular inoculation of 5.3 X 10^ cfu or 5.3 X 10^ cfu 
was associated with local lesions only. Foot pad inoculation with 
higher doses resulted in local lesions and enlargement of the 
inguinal lymph node was observed in the third week post 
infection. There was no mortality during the 20 days observation 
period and animals killed on the 20th day did not reveal any 
lesions in the internal organs.
PRELIMINARY DISCUSSION
The development of lesions following i/p infection in mice 
was not consistent, although it was to some extent dose 
dependant. Early deaths with no macroscopic lesions occurred with 
increasing frequency as the infection dose was increased for both 
i/p and i/m routes of infection. Most of these deaths can be
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Plate IV. Post mortem findings in pseudotuberculosis 
infected mice.
(i) Note abscesses between the spleen and omentum.
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attributed to toxaemia as demonstrated in a recent study 
(Batey,1986a), where animals could be protected by prior 
treatment with the antitoxin.
Unlike sheep, localization with lesions in lung tissue is not 
a feature of infection in mice, which in this regard have been 
considered similar to goats (Batey et al.,1986). No lesions were 
observed in the spleen, nevertheless this organ was consistently 
involved in non immune mice and splenic counts have been used as 
the measure of secondary infection (Jolly, 1965b). There was an 
early systemic distribution of the organism as evinced by studies 
on the fate of inoculum within 2hr following i/p infection. 
Organisms could be detected in the liver, spleen and lungs but no 
lesions could be detected in the spleen and lungs subsequently.
For the reasons mentioned in the section 1.10.2 1 Departures 
from the plan of study" subsequent investigations on the host- 
bacterium interaction were done in guinea pigs.
4.2 THE COURSE OF C. PSEUDOTUBERCULOSIS (WILD STRAIN) INFECTION 
IN GUINEA PIGS
EXPERIMENTAL DESIGN
Twenty four male Duncan Hartley guinea pigs of 8-10 weeks of 
age were divided into eight groups of three each. Three groups
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were inoculated intramuscularly (i/m) into the left leg with 0.2 
ml of a 10~4 dilution of a 24 hr brain heart infusion broth ( 
containing 0.1 per cent Tween 80 ) culture containing 846 cfu: 
another three groups of guinea pigs were infected with 0.2ml of a 
10”® dilution of the same culture containing 8.46 cfu. The 
remaining two groups were designated as noninoculated control and 
challenge control respectively. At the commencement of the 
experiment and then every alternate day, body weights and gluteal 
circumferences of infected and noninfected legs of these guinea 
pigs were recorded.
Two weeks postinfection three guinea pigs from the higher 
dose group and another three from the lower dose group were 
sacrificed along with three control animals. Blood samples from 
these animals were subjected to the standard methods for 
determination of packed cell volume, complete blood cell counts, 
erythrocyte sedimentation rate and total serum proteins. Organ 
weights and post mortem lesions were also recorded. Counts of C. 
pseudotuberculosis in tissues of infected animals were also 
determined. In order to study the response of infected guinea 
pigs to a second infection with the same organism (Strain 1100),
one group from the higher dose and another group infected with
the lower dose were challenged along with a control group with
0.2 ml of 10-2 dilution of a 24 hr BHIBT culture containing 6640
cfu of strain 1100. These animals were killed after a week and 
subjected to similar studies to those mentioned above. The 
remaining groups (infected with higher and lower doses ini-dally)
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were sacrificed 30 days post infection and all the above 
mentioned studies were repeated.
RESULTS
(a) Body weight measurements
Perusal of Figures 1-3 reveals the changes observed in body 
weights during the experimental period in infected and control 
groups. As is evident from the Table 4-III, the control animals 
gained about 9.27g of weight per day while the group infected 
with the lower dose gained at the rate of l.Og per day. In guinea 
pigs infected with 846 cfu (higher dose) the weight loss was 0.70 
to 2.04g per day. Over all, in lower dose groups the weight loss 
was not so much appreciable as in guinea pigs infected with the 
higher dose.
(b) Gluteal circumference measurements
Figures 4 - 10 reveal the changes observed in gluteal 
circumference measurements during the period under study in 
infected and control groups. There was an acute inflammatory 
response at the site of inoculation. It was observed 2nd day post 
infection in the group infected with the higher dose while in the 
lower dose group it was appreciable on the 4th day. As is evident 
from Figs. 4 and 5 the leg measurements at the site of 
inoculation continued to increase and peaked at about 5-7 days 
and after that there was a decline in leg measurements till two 
weeks post infection. In a few guinea pigs inoculated with the
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TABLE 4-III
CH A NGES IN B O D Y  WEIGHTS, O R G A N  W E I G H T S ,  AN D  L E S I O N S  IN
*
CORYNEBACTERIUM PSEUDOTUBERCULOSIS INFECTED GUINEA PIGS
Infection dose - - 8.46 8.46 8.46 846 846 846
(CFU)
Challenge dose + - - +
Killed (Days
postinfection) 18 14 14 33 21 14 32 19
Body weight
changes( g/day) +9.27 +1.13 +0.40 -0.05 -0.35 -1.74 -2.04 -0.70
Liver
(W/BW x 100) 4.99 5.54 4.64 7.38 4.99 4.75 8.84 7.06
±0.63 ±0.04 +0.20 +1.61 +0.66 +0.23 +2.20 +1.24
Lesion counts - 13.30 10.0 8.0 5.3 9.30 13.00 22.30
Spleen
(W/BW x 100) 0.11 0.40 0.24 0.26 0.35 0.24 0.74 0.41
+0.01 +0.12 +0.05 +0.66 +0.23 +0.04 +0.40 +0.11
Lesion counts - 11.00 4.30 - 1.30 3.30 6.30 7.00
Lungs
(W/BW x 100) 0.55 0.74 0.60 1.06 0.85 0.90 0.97 0.88
*0.02 ±0.07 ±0.06 ±0.40 +0.23 +0.09 +0.23 +0.22
Lesion counts - - - - - -
Values given are means from 3 guinea pigs
C±S‘D>
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Raw data for Figures has been excluded from the text. 
However, data for the Figures deemed to be important 
in the text has been included in Appendix IV. ____
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Figure 1. Body weights of guinea pigs (control group).
(a) Body weights of individual guinea pigs 
at different days postinfection.
(b) Mean curve of the values obtained from 
three guinea pigs.
(i) Note the progressive weight gains in 
uninfected guinea pigs (9.27g/day).
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Figure 2. Body weights of guinea pigs
(group inoculated in the left leg with 846 
cfu of pseudotuberculosis (Strain 1100)
and unchallenged).
(a) Body weights of individual guinea pigs 
at different days postinfection.
(b) Mean curve of the values obtained from 
three guinea pigs.
(i) Note the progressive weight loss in
guinea pigs infected with a higher dose, 
(weight loss varied from 0.70 to 2.04g/day)
10**-4 UNCHALLENGED (cage III)
9 BU 
8M ■
750 '
■m ■
D A W  post infection
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i
ss* ----------  — :—
e 5 10 IS 20 25 30
DAVS post infection
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Figure.3. Body weights of guinea pigs
(group inoculated in the left leg with 8.46 
cfu of pseudotuberculosis (Strain 1100) 
and unchallenged).
(a) Body weights of individual guinea pigs 
at different days postinfection.
(b) Mean curve of the values obtained from
three guinea pigs.
(i) Guinea pigs infected with a lower dose of the 
organism gained weight (lg/day).
10**-6 UNCHALLENGED: BODY VEIGHTS
BU
75«
ISS 25e
5AYS post infection
I
SW
DAYS post infection
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Figure 4. Left gluteal circumference measurements of 
guinea pigs (group inoculated in the left 
leg with 846 cfu of pseudotuberculosis 
(Strain 1100) and unchallenged).
(a) Measurements of individual guinea
pigs at different days postinfection.
(b) Mean curve of the values obtained from 
three guinea pigs.
(i) Biphasic response at the site of 
inoculation may be noted.
10*4-4 UNCHALLENGED
LEFT CLUTZAL CISC
lie
S IS as19
frWS post infection
m  LEFT GLUTEAL CIRC
199
DAYS post infection
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Figure 5. Left gluteal circumference measurements of 
guinea pigs (group inoculated in the left 
leg with 8.46 cfu of Ch_ pseudotuberculosis 
(Strain 1100) and unchallenged).
(a) Measurements of individual guinea 
pigs at different days postinfection.
(b) Mean curve of the values obtained from 
three guinea pigs.
(i) Note the biphasic response in the measurements 
of the left leg (infected leg).
10**-6 UNCHALLENGED
m  left a m al cm
lit
&AVS post infection
m  LUt CLUTZAL CIRC.
lit
JfiVS post i n f e c t i o n
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Figure 6. Comparison of the mean curve of left gluteal 
circumferences as shown in Fig. 4 and Fig. 5.
(a) Mean curves of groups infected with 846 and 
8.46 cfu of pseudotuberculosis Strain 
1100. (animals were inoculated in the 
left legs)
0---Q 846 cfu
0---o 8.46 cfu
(b) Mean curve of the values obtained from six 
guinea pigs as shown above.
(i) Note the difference in gluteal measurements 
of the groups infected with different doses.
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higher dose, an open abscess with discharge of thick purulent 
material was observed, which healed in 2-3 days. Figure 6 shows 
that in groups observed for about 30 days, there was a second 
response at 15- 18 days post infection depicted by a slight 
increase in leg measurements. This secondary response is more 
appreciable in the group initially infected with the higher dose 
( Fig. 6 ). This type of biphasic granulomatous response has also 
been described in infections with other facultative intracellular 
organisms ( Campa, 1984 ).
Figs. 7 - 9  show the leg measurements of guinea pigs which 
were initially infected in the left leg and subsequently 
challenged in the right leg. Unlike the first infection there was 
no acute inflammatory response in the challenged leg, instead a 
slight increase in leg measurements was observed on the third day 
post challenge, which returned to normal after a day or two (Fig. 
7 and Fig. 9). Perusal of Fig. 10 reveals that in guinea pigs 
initially infected with the lower dose the primary site of 
inoculation continued to increase in size even after the 
challenge.
(c) Clinical pathologic studies
Table 4-IV shows the effects of C. pseudotuberculosis 
infection on the blood composition of guinea pigs. All infected 
guinea pigs (irrespective of the dose of infection) displayed a 
persistent leucocytosis with neutrophilia. There was nothing
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Figure 7. Right gluteal circumference measurements of 
guinea pigs (group inoculated in the left 
leg with 846 cfu of pseudotuberculosis 
(Strain 1100) and challenged in the right 
leg two weeks postinfection with 6.64 X 10^ 
cfu of the same strain).
(a) Measurements of individual guinea pigs 
at different days postinfection.
(b) Mean curve of the values obtained from
three guinea pigs.
(i) Note the reduced measurements of the challenge 
leg (it seems animals have developed immunity 
to subsequent infection).
10**-4 CHALLENGED
m  RIGHT) CLOTEAL CISC
M S  post infection
m  RIGHT GLUTIAL CISC
lie
DAYS post infection
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Figure 8. Left gluteal circumference measurements of 
guinea pigs (group inoculated in the left 
leg with 8.46 cfu of pseudotuberculosis 
(Strain 1100) and challenged in the right 
leg two weeks postinfection with 6.64 X 10^ 
cfu of the same strain).
(a) Measurements of individual guinea pigs 
at days postinfection.
(b) Mean curve of the values obtained
from three guinea pigs.
(i) Note the increase in gluteal measurements
in the left leg after challenge in the right
110**6 CHALLENGED
m  LEFT CLUTZAL CIRC.
5AVS post infection 
m  LIFT CLUTZAL CISC.
lW
5AVS post infection
155
156
Figure 9. Right gluteal circumference measurements of 
guinea pigs (group inoculated in the left 
leg with 8.46 cfu of pseudotuberculosis 
(Strain 1100) and challenged in the right 
leg two weeks post infection with 6.64 X 
10^ cfu of the same strain).
(a) Measurements of individual guinea pigs at 
days postinfection.
(b) Mean curve of the values obtained from three 
guinea pigs.
(i) Note the reduced measurements in the challenge
leg (it seems animals have developed sane immunity 
to subsequent infection).
10**-6 CHALLENGED
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Figure 10. Comparison of left and right gluteal
measurements of guinea pigs (group 
inoculated in the left leg with 8.46 cfu of 
C. pseudotuberculosis (Strain 1100) and 
challenged in the right leg two weeks 
postinfection with 6.64 X 10^ cfu of the 
same strain).
o o left leg
0---- D right leg
(i) Note the differences in gluteal measurements
at primary(left leg) and challenge (right leg) 
sites.
(ii) Note the continued increased measurements of 
primary site following challenge.
L0 «+-0 CHALLENGED
LEFT i RIGHT CLUTZAL CDtC
lie
$ ISS as
9AYS post infection
159
TABLE 4-IV
EFFECTS OF CORYNEBACTERIUM PSEUDOTUBERCULOSIS INFECTION
*
ON BLOOD COMPOSITION IN GUINEA PIGS
Infection dose - - 8.46 8.46 8.46 846 846 846
(C F U )
Challenge dose - +  - - + +
Killed days
postinfection 18 14 14 33 21 14 32 19
Haematocrit 41.67 40.17 42.00 39.67 40.67 39.33 37.33 39.67
±0.58 ±0.30 ±1.73 +3.06 +4.04 +1.15 +5.03 +4.04
Erythrocytes
( x 106 /ul) 5.68 5.40 5.65 5.65 5.60 5.43 5.23 5.39
±0.40 +0.01 +0.45 +0.50 +0.16 +0.23 +0.04 +0.69
Haemoglobin
(g/dl) 13.09 13.19 12.54 12.82 12.82 12.25 12.73 12.63
+0.27 ±0.15 ±0.27 ±0.55 ±0.72 +0.04 +0.63 +0.42
Leucocytes
( x 103 /ul) 7.33 11.55 12.58 13.15 14.30 12.40 7.76 10.60
±1.43 ±2.09 +2.04 ±1.54 ±4.42 ±2.48 +1.05 ±0.56
Neutrophils 39.33 61.33 60.00 55.20 54.33 67.00 56.00 58.0
(%)
Lymphocytes 55.00 31.00 34.66 39.66 39.00 25.33 38.00 38.0
(%)
Monocytes 4.00 6.00 6.00 4.84 5.33 6.00 6.00 6.0
(%)
Eosinophils 1.66 1.66 1.33 1.33 1.67 1.33 0.66 0.66
(%)
Basophils 1.0 - - 0.33 0 . 3 3 0 . 3 3  - -
. (%)
Serum proteins 5.29 4.79 5.26 5.99 5.32 5.82 6.07 5.78
(g/dl) +0.15 +0.09 +0.52 +0.76 +0.31 +0.41 +0.52 +0.18
* Values given are means from 3 guinea pigs
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particularly striking in other clinical pathological values, 
variations in PCV, erythrocyte counts and haemoglobin levels did 
not differ between inoculated and control groups. Erythrocyte 
sedimentation rate was found to be affected during initial stages 
of infection but there was a great variation in individual guinea 
pigs. Serum proteins were reduced in the challenge control and in 
the group infected with higher doses but they were found 
increasing gradually in the later stages of infection in both 
higher and lower dose groups.
(d) Pathological and bacteriological studies
Inoculation of C. pseudotuberculosis resulted in a local 
abscess containing thick purulent material. Necropsy of the 
infected animals revealed involvement of the precrural, sciatic 
and occasionally iliac lymph nodes. There was a systemic 
distribution of infection with localization in the liver, spleen 
and occasionally lungs. Diagram 4-1 shows the common post mortem 
findings and extremes of variation observed in the distribution 
of lesions in necropsied animals. Table 4-III shows the organ 
indices (organ weight/body weight x 100) and number of lesions 
observed in organs of different groups. In the group killed two 
weeks post infection there were a few fully developed lesions in 
the liver and spleen characterized as suppurative granulomas. A 
few lesions were in the initial stages of development 
characterized by a pale area in the centre with a surrounding 
inflammatory zone.
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Diagram 4-1. Specimen post mortem findings in guinea
pigs infected (in the left leg) and 
challenged (in the right leg) with Strain 
1100 of pseudotuberculosis (exp no. 24/86)
Guinea pig I (cage I 10 “6 r h)
Infection dose 8.46 cfu
Challenge nil
Killed 2 weeks post infection
Guinea pig II (cage II 10“^NM)
Infection dose 8.46 cfu
Time of challenge 2 weeks post infection
Challenge dose 6.64 X 10^ cfu
Killed 3 weeks post infection
Guinea pig III (cage III 10”^ RB)
Infection dose 8.46 X 10^
Challenge nil
Killed 2 weeks post infection
Guinea pig IV (cage II 10”^ NM)
Infection dose 8.46 X 10^
Time of challenge 2 weeks post infection 
Challenge dose 6.64 X 10^
Killed 3 weeks post infection
c. ovis (guinea pigs) POST MORTEM FINDINGS
-6
Cage I 10 RH
6
- IV T R , v tn c r :
Cage II 10 tW
4
Cage III 10 RB 4
Cage II 10 NM
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As is evident from Table 4-III, the guinea pigs inoculated 
with 8.46 cfu and observed for a 30 days period did not show 
lesions in the spleen. Out of three guinea pigs which were 
inoculated with the same dose and slaughtered two weeks post 
infection, two showed small abscesses in the spleen. In guinea 
pigs which were initially infected with a lower dose and 
subsequently challenged, all animals showed involvement of the 
spleen. The liver showed abscesses in almost all the groups. 
Enumeration of lesions revealed that there were more lesions in 
the groups infected with a higher dose. Abscesses in the lungs 
were also observed in at least one guinea pig of each group 
inoculated with 846 cfu while in guinea pigs inoculated with a 
lower dose only one guinea pig which was slaughtered 30 days post 
infection showed involvement of the lungs.
Table 4-V shows the counts of pseudotuberculosis in local 
lesions, lymph nodes and visceral organs (per gram of tissue). 
Higher counts were observed in the group initially infected with 
the higher dose. In the group initially infected with the lower 
dose and subsequently challenged all guinea pigs showed counts in 
the challenge site while of three guinea pigs initially infected 
with the higher dose and subsequently challenged only one animal 
showed counts at this site. The same guinea pig revealed counts 
in the precrural lymph node of the challenge site.
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TABLE 4 -V
COUNTS OF CORYNEBACTERIUM PSEUDOTUBERCULOSIS IN TISSUES OF INFECTED
GUINEA PIGS.*
Infection - - 8.46 8.46 8.46 846 846 846
dose (CFU)
Challenge - + - - + _ +
dose
Killed
(days PI) 18 14 14 33 21 14 32 19
5 5 4 5 5 5 5
5.97x10 2.04x10 9.27x10 1.86x10 2.09x10 1.29x10 3.47x10 
5 5++ 5 6 5 5
2.61x10 5.98x10 - 5.45x10 3.45x10 3.26x10 2.94x10
6+ 4+ 5 + + 4 +
1.08x10 - 7.28x10 4.44x10 9.20x10
5 7++ 5 4 5 5
1.97x10 3.61x10 2.46x10 2.32x10 8.21x10 7.30x10
5+ 5+ 5++ 6++ 5
6.17x10 4.75x10 - 4.44x10 1.23x10 5.54x10
Inguinal 5 6+ 5++
Lymph node - - 1.24x10 9.75x10 3.87x10
+ 5 + 5 + +
7.20x10 3.03x10
6 +
4.75x10
6 +
5.9 0x10
Inguinal 
lymph node 
Challenge 
side
* = counts/g (values are mean counts from 3 guinea pigs)
+ Values of 1 guinea pig only
ttValues are mean counts from 2 guinea pigs
6 + +
7 .47x10
Iliac
Lymph node -
5 + 5 +
6.51x10 7.03x10
Challenge
site 6 . 67x10 5.37x10
Precrural 
Lymph node
Challenge 5++
side - 3.50x10
5+ 5
2.40x10 3.69x10
Precrural 
Lymph node -
Liver
Spleen
Lungs
Local
Lesion
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PRELIMINARY DISCUSSION
Infection of guinea pigs with C. pseudotuberculosis 
intramuscularly resulted in a biphasic response at the site of 
inoculation. Primary response with an acute inflammatory reaction 
was noticed on 2nd day (depending upon the dose) post infection 
and it reached its peak within 5-8 days, declining somewhat until 
about two weeks. The secondary response was observed about two 
weeks post infection. This type of biphasic granulomatous 
response has also been demonstrated in infection with other 
facultative intracellular organisms e.g Mycobacterium 
tuberculosis (Campa, 1984). The primary response to facultative 
intracellular organisms has been attributed to the non specific 
reaction of the body to an invading pathogen (acute inflammation) 
while at 18-20 days it is the specific antibacterial immunity 
which results in a secondary response (Youmans et al., 1976).
Reinfection of guinea pigs in the other leg resulted in a 
slight leg swelling as compared to the first infection, 
indicating that animals have developed immunity to subsequent 
challenge. Necropsy conducted on these guinea pigs a week after 
the challenge revealed a small thick walled abscess at the 
challenge site. Except for one animal there was no involvement of 
lymph nodes on the challenge side. Similar observations have been 
made by others in their studies with the mouse model (Jolly, 
1965b; Batey, 1986a). It was noted that reinfection with C. 
pseudotuberculosis resulted in a restricted infection at the
challenge site and apparently no further spread to the internal 
organs.
In guinea pigs initially inoculated with the lower dose and 
subsequently challenged with the higher dose in the other leg, 
the primary site of inoculation continued to increase in size in 
spite of challenge in the other leg. Reactivation of the primary 
site of inoculation has been reported (Richard et al.,1979) in 
experimental infection and susequent challenge in sheep.
In guinea pigs inoculated initially with a lower dose and 
killed after a month, no lesions were observed in the spleen 
while the group killed at 14 days showed considerable numbers of 
lesions in different stages of development in the liver and 
spleen. Many lesions were showing a pale area in the centre 
surrounded by an inflammatory zone. It seemed that in early 
stages of infection with C. pseudotuberculosis there was a 
systemic distribution of the organism with localization in organs 
like liver and spleen. At some sites of secondary infection there 
was formation of a pyogranulomatous lesion, while at others the 
infection had apparently resolved. Studies in mouse models of 
infection also suggest an early systemic distribution of the 
organism with localization and subsequent elimination of 
infection in most cases but with a few lesions progressing in 
lymph nodes and viscera (Jolly, 1965b; Batey, 1986a). In mice the 
apparent resolution of many liver lesions has been attributed to 
domination by macrophages, with polymorphonuclear (PMN) cells 
being of importance only so far as their relative absence
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increases the proportion of mononuclear cells (Jolly, 1965b, 
1965c). It has also been proposed that PMN phagocytes might 
contribute directly to the progression of lesions with the 
qualitative aspects of host- parasite interaction rather than 
bacterial virulence determining the final outcome of lesions 
(Batey,1986a).
Except for persistent leucocytosis with neutrophilia, there 
was no other significant difference between control and infected 
guinea pigs with respect to clinical pathological values. Brown 
et al.,(1985) also observed leucocytosis and slight increase in 
fibrinogen levels in C. pseudotuberculosis infected goats. No 
differences were recorded between control and infected goats in 
other blood components. Higher values for serum proteins as 
observed in the present study have also been reported in 
chronically infected sheep and goats (Desiderio et al.,1979; 
Mottelib et al.,1979).
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4.3 THE COURSE OF C. PSEUDOTUBERCULOSIS (ANTIBIOTIC RESISTANT 
MUTANTS) INFECTION IN GUINEA PIGS
EXPERIMENTAL DESIGN
Both streptomycin ultraresistant (1100 S) and erythromycin 
and streptomycin resistant (1100 E+S) mutants of C. 
pseudotuberculosis (Strain 1100), as described in Chapter 3, 
were tested for their pathogenicity to guinea pigs. In the first 
experiment two guinea pigs were inoculated i/m into the left leg 
with 0.2 ml of a 10 dilution of an 18 hr brain heart infusion 
broth (containing 0.1 per cent Tween 80) culture containing 5.63 
X 10^ cfu of 1100(S) mutant and another two guinea pigs were 
similarly infected with 5.85 X 10^ cfu of the parent strain. At 
the commencement of the experiment and then every alternate day 
the gluteal circumference of the inoculated and control legs was 
recorded. All the animals were sacrificed 4 weeks post infection 
and subjected to a detailed necropsy.
In the second experiment three guinea pigs were infected by 
i/m inoculation of 2500 cfu of the parent strain into the left 
leg and another three guinea pigs were similarly infected with 
2560 cfu of the double antibiotic resistant mutant (1100 E+S). At 
the commencement of the experiment and then every alternate day, 
body weights and gluteal circumferences of the inoculated and 
control legs of these guinea pigs were determined. Three weeks 
after the infection all the guinea pigs were sacrificed and 
subjected to a detailed necropsy. The counts of the parent and 
double antibiotic resistant mutant in the tissues of the infected
guinea pigs were determined by plating out the appropriate 
dilution of the homogenized suspension of the tissues on the 
plates with and without antibiotics.
RESULTS
(a)Pathogenicity of streptomycin ultraresistant mutant (1100 S)
(i) Gluteal measurements
Groups of guinea pigs inoculated with parent and streptomycin 
ultraresistant strains showed an acute inflammatory response at 
the inoculation site as evinced by the gluteal measurements (see 
figs. 11-13). Regular measurements of the gluteal circumference 
over a 4 weeks period revealed a biphasic response at the 
infection site in both the groups. Though the dose inoculated was 
almost similar in both the groups , the parent strain did elicit 
a more vigorous reaction at the inoculation site (see Fig.13).
(ii) Gross pathological and bacteriological observations
Both the groups showed a pyogranulomatous lesion at the 
inoculation site. There was involvement of local lymph nodes 
(precrural and/or sciatic). Lesion distribution in the internal 
organs was different for the two groups. While the guinea pigs 
infected with parent strain showed 23 (GP1) and 14 (GP2) lesions 
in the liver and 8 (GP1) and 5 (GP2) in the spleen, the guinea 
pigs infected with the streptomycin resistant mutant (1100 S) 
revealed lower number of lesions in the two organs. In the liver 
it was 3 (GP1) and 5 (GP2) and in the spleen it was 0 (GP1) and 2
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Figure.11 Left gluteal measurements of guinea pigs
inoculated in the left leg with 5.63 X 10^ 
cfu of pseudotuberculosis ( streptomycin 
ultraresistant mutant 1100 S).
(a) measurements of individual guinea pigs.
(b) mean curve of the values obtained from 
two guinea pigs.
(i) Note the biphasic response induced at the 
inoculation site.
ANTIBIOTIC RESISTANT STRAIN (left hind limb)
m  circ.
days post infection
m  circ.l
105
days post infection
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Fig.12 Left gluteal measurements of guinea pigs
inoculated in the left leg with 5.85 X 10^ 
cfu of C_^  pseudotuberculosis ( parent 
strain 1100).
(a) Measurements of individual guinea pigs.
(b) Mean curve of the values obtained from 
two guinea pigs.
(i) Note the biphasic response induced at the 
site.
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Fig. 13 Left gluteal measurements of guinea pigs
infected with parent (1100) and 
streptomycin ultraresistant strains (1100 
S) (compared).
0-------0 parent strain (1100)
D------D streptomycin ultraresistant strain
(1100 S)
(i) Note the difference in gluteal measurements 
in the two groups (response elicited by the
mutant was less vigorous as compared to
the parent strain).
PARENT AND ANTIBIOTIC RESISTANT STRAINS COMPARED (means; left hind limb)
m  circ.
lie
10S
iee
days post infection
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(GP2) respectively. Because of the small number of animals in 
each group, the differences between the groups could not be 
analysed statistically.
The antibiotic resistant strain was recovered from all the 
lesions in visceral organs and the site of infection on plates 
containing 500ug of streptomycin sulphate per ml of the medium.
(b) Pathogenicity of double antibiotic resistant mutant
(i) Clinical observations
Both the groups of guinea pigs infected with parent and 
double antibiotic resistant strain showed an acute inflammatory 
response at the inoculation site as revealed by gluteal 
measurements (see Fig.14). This acute response at the inoculation 
site peaked within 3 days in the group inoculated with parent 
strain, while the group receiving the double antibiotic 
resistant strain exhibited this peak about a week after the 
infection. The gluteal measurements declined somewhat after this 
peak and a second peak was observed at about 15-18 days post 
infection in both the groups. As is evident from Fig. 14 the 
group infected with the parent strain always showed higher 
measurements as compared to the group infected with the double 
antibiotic resistant strain. The difference in gluteal 
measurements suggests that the parent strain elicited a more 
vigorous response than the mutant.
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Fig. 14. Left gluteal measurements of guinea pigs
inoculated in the left legs with 2.50 X 
10^ cfu of pseudotuberculosis (Strain
1100) and 2.56 X 10^ cfu of double
antibiotic resistant mutant (1100 E+S).
A A parent strain
V-- V mutant (1100 E+S)
(i) Note the biphasic response induced at the 
inoculation site.
(ii) Response induced by the double antibiotic 
resistant mutant was less vigorous 
as compared to the parent strain.
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Guinea pigs infected with the double antibiotic resistant 
mutant gained weight at 3g/day while those infected with the 
parent strain first showed a slight increase in weights but 
afterwards lost weight (see fig.15). Overall in guinea pigs 
infected with parent strain the effect on body weights was not 
appreciable as compared to the other group, these animals did not 
gain any weight.
(ii) Gross pathological and bacteriological studies
Both the parent and double antibiotic resistant strain 
produced a pyogranulomatous lesion in guinea pigs at the site of 
inoculation. Local lymph nodes (precrural and/or sciatic and 
occasionally iliac) were involved in animals of both the groups. 
Those infected with parent strain exhibited more lesions in the 
visceral organs as is evident from Table 4-VI.
Perusal of Table 4-VI shows the comparative counts of parent 
and double antibiotic resistant mutant in the tissues of infected 
guinea pigs. In guinea pigs infected with the parent strain, 
counts in the spleen varied from 1.15 X 10^ to 1.30 X 10^ per 
gram of tissue and in the liver, counts ranged from 7.83 X 10^ 
to 4.12 X 10^/g of tissue. In the group receiving the double 
antibiotic resistant mutant the counts in the spleen were between 
9.83 X 10^ to 1.83 X 10^/g of tissue and in the liver counts 
ranged from 1.83 X 10^ to 1.13 X 10^ . At the site of infection 
the guinea pigs infected with parent strain showed counts varying 
from 2.30-7.87 X 10^/g of tissue while in the double antibiotic
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Fig. 15 Body weights of guinea pigs infected
with parent (1100) and double antibiotic 
resistant mutant (1100 E+S) of C. 
pseudotuberculosis.
(a) Body weights of guinea pigs infected 
with parent strain (mean curve of the 
values obtained from three animals).
(b) Body weights of guinea pigs infected 
with the double antibiotic resistant 
mutant (mean curve of the values 
obtained from three animals).
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TABLE- 4 VI
LESION DISTRIBUTION AND COUNTS OF PARENT AND DOUBLE ANTIBIOTIC 
RESISTANT STRAINS IN TISSUES OF INFECTED GUINEA PIGS+
Tissues
Infected with* 
parent strain
GP1 GP2
Infected with double** 
antibiotic resistant strain
GP1 GP2 GP3
Spleen 1.30X106 1.15X105 3.50X104 1.80X105 9.83X103
No of 
lesions
10
Liver 4.12X104 7.83X103 9.50X104 1.83X103 1.13X105
No. of 
lesions
17
Primary 2.03X105 7.87X105 4.33X103 1.83X104 4.33X105
site of
infection
+ counts/g of tissue 
* infected with 2500 cfu 
** infected with 2560 cfu
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resistant group the counts at this location ranged from 4.33 X 
103 to 4.33 X 105. Because of the small number of guinea pigs 
used differences between the groups could not be analysed 
statistically.
P R E L I M I N A R Y  D I S C U S S I O N
The streptomycin ultraresistant(1100 S) and the erythromycin 
and streptomycin resistant (1100 E+S) mutants were almost similar 
to the parent strain in their virulence for guinea pigs. Both the 
mutants when injected into the thigh muscle showed a 
pyogranulomatous lesion at the site and invaded the precrural 
and/or sciatic lymph nodes and internal organs of guinea pigs. 
The antibiotic resistant strains could be recovered from the 
induced lesions on the medium containing antibiotics. Higher 
counts were observed in the tissues of guinea pigs infected with 
the parent strain but the differences between the groups could 
not be analysed statistically due to the small number of animals 
used.
Regular measurements of the gluteal circumference revealed 
that both the mutants evoked a vigorous response at the site of 
inoculation though slightly less than the parent strain group. 
Apparently this cannot be attributed to the infection dose 
because almost similar doses were used for the infection of two 
groups. It has been reported that acquisition of streptomycin 
resistance by M^ _ tuberculosis is frequently associated with some
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degree of attenuation, at least in experiments with mice: when a 
BCG strain is made streptomycin resistant, its ability to survive 
in experimental mice disappears altogether (Collins and 
Montalbine, 1973). It seems the acquisition of the erythromycin 
and streptomycin resistance by C. pseudotuberculosis has not 
affected the organism’s invasive properties but it has somehow 
slightly affected the ability to elicit local reaction.
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CHAPTER 5
MODULATION OF HOST RESPONSE IN PSEUDOTUBERCULOSIS INFECTED
GUINEA PIGS
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5. MODULATION OF HOST RESPONSE IN PSEUDOTUBERCULOSIS
INFECTED GUINEA PIGS.
Both humoral and cellular immunity have been demonstrated 
following C. pseudotuberculosis infection in mice (Jolly, 1965b; 
Hard, 1969, 1970; Cameron and Engelbrecht, 1971) and sheep and 
goats (Garg and Chandiramani, 1985; Hedden et al.,1986), without 
an indication that one type of immunity is more important than 
the other in protection against the disease. Modulation of host 
response as evinced by enhanced resistance to C. 
pseudotuberculosis infection, associated with reduced serum 
immunoglobulin levels in levamisole treated mice has also been 
reported (Irwin and Knight, 1975). Viable BCG and killed C. 
pseudotuberculosis were shown to afford protection against the 
disease both in guinea pigs and sheep (Barakat et al.,1974; 
Barakat,1979). Contrary to these earlier observations Brogden et 
al.,(1985) failed to protect mice by treatment with BCG, MDP or 
11C. parvum”. Alterations in the course of C. pseudotuberculosis 
infection, consistent with the protective immunity, were observed 
in the peritoneal cavities of mice after pretreatment with an 
attenuated strain (Hard, 1969).
In the present investigation, modulation of host response, 
following an initial infection with Strain 1100 of C. 
pseudotuberculosis and subsequent challenge with the same strain 
(following various treatments) or another strain differing in 
antibiotic resistance but similar in its virulence for guinea 
pigs, was studied.
5.1 MODULATION OF HOST RESPONSE (PRIMARY INFECTION AND CHALLENGE
WITH PARENT STRAIN)
EXPERIMENTAL DESIGN
Thirty-two male Duncan Hartley guinea pigs of 8-10 weeks of 
age were randomly divided into eight groups of four each. All the 
groups were inoculated intramuscularly (i/m) in the left thigh 
with 0.2 ml of a 10“  ^dilution of a 24 hr brain heart infusion 
broth ( containing 0.1 per cent Tween 80 ) culture containing 
12.34 cfu. At the commencement of the experiment and then every 
alternate day, the gluteal circumferences of infected and 
noninfected legs of these guinea pigs were recorded. Seven groups 
were challenged by i/m inoculation into the right leg at the time 
interval and dose given in Table 5-1, one group was kept as a 
challenge control. Gluteal circumference was recorded daily after 
the challenge. Two guinea pigs from each group were sacrificed 
one week after the challenge and subjected to a detailed 
necropsy. Organ weights and the post mortem lesions were 
recorded. Counts of C. pseudotuberculosis in the abscesses 
induced at the primary and challenge sites were also determined. 
Samples from both primary and challenge sites were also collected 
in 10 per cent formol saline for histopathological examination. 
The remaining 2 guinea pigs in each group were killed 2-3 weeks 
post challenge and subjected to similar studies as mentioned 
above.
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TABLE- 5-1
DOSE AND TIMING OF CHALLENGE IN DIFFERENT GROUPS
Group no. Timing of
challenge(P.I)
Dose Remarks
I
II
III
IV
V
VI
VII
VIII
no challenge 
2nd week 
2nd week
1st week 
2nd week 
2nd week
3rd week 
5th week
8.80 x 104
8.80 x 105
9.70 x 104
8.80 x 104
8.80 x 104
6.72 x 104 
8.16 x 104
10 times the 
normal dose
heat killed
suspended in 
Freund's adjuvant 
(incomplete)
189
RESULTS
(a) Gluteal circumference measurements
(i) Unchallenged group
As is evident from Fig.16, frequent measurements of gluteal 
circumference of infected and noninfected legs revealed certainly 
a biphasic and possibly a triphasic response at the site of 
inoculation: two peaks were observed as recorded earlier but a 
third peak was seen at about the 25th day post infection.
(ii) Challenged two weeks post infection with usual 
challenge dose
Fig.17 shows the leg measurements of guinea pigs challenged 
at 2 weeks post infection with the usual challenge dose (8.80 X 
lO^cfu). A similar response to that observed in the earlier 
experiment was recorded. There was a slight increase in gluteal 
measurements in the challenged leg which subsided after 2-3 days.
(iii) Challenged two weeks post infection with ten times the 
normal challenge dose
Fig.18 shows the effect of a larger challenge dose (8.80 X 
lO^cfu) on leg measurements in C. pseudotuberculosis infected 
guinea pigs. There was considerable swelling in the challenged 
leg and progress of infection at the primary site was also 
affected. The third peak so consistently observed at the primary 
site in all other groups was absent in this group. Perhaps 
because of the heavy antigenic load and probably due to its
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Figure 16. Gluteal circumference measurements of guinea 
pigs inoculated (in the left leg) with 12.34 
cfu of pseudotuberculosis (Strain 1100) and 
unchallenged (mean curve from four guinea pigs 
up to 22 days and afterwards from two animals).
0-Cf left leg
o-c right leg
(i) Note the biphasic (rather triphasic) response in 
the inoculated leg.
Figure 17. Gluteal circumference measurements of guinea
pigs inoculated (in the left leg) with 12.34 
cfu of pseudotuberculosis (Strain 1100) and
challenged (in the right leg) two weeks post 
infection with 8.80 X 10^ cfu of the same 
strain (mean curve from four guinea pigs up to 
22 days and afterwards from two animals).
0 Q left leg
o— -o right leg
(i) Note the biphasic response(rather triphasic) 
in the left leg.
(ii) Note the reduced measurements in the challenge 
leg (right leg) as compared to the left leg 
(primary infection site).
GROUP I 'no challenge)
m GLUTEAL CBtCUWMHCI
P A V S  P O S T  I N F E C T I O N
GROUP II (challenged 2 weeks post infection)
m  GLUTEAL C I R C U K F E R E N C Z
100
25IS10
D A Y S  P O S T  I N F E C T I O N
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Figure. 18. Gluteal circumference measurements of guinea
pigs inoculated (in the left leg) with 12.34 
cfu of pseudotuberculosis (Strain 1100) and 
challenged (in the right leg) two weeks post 
infection with ten times the normal dose (8.80 
X 105 cfu) ( mean curve from four guinea pigs 
up to 22 days and afterwards from two animals).
0 D left leg
o o right leg
(i) Note the abolition of the third peak so
consistently observed at about 23-25 days
post infection in other groups, (it seems 
the heavy antigenic load at challenge site 
has affected the cell recruitment at primary 
site also).
Figure 19. Gluteal circumference measurements of guinea
pigs inoculated (in the left leg) with 12.34 
cfu of Ch_ pseudotuberculosis (Strain 1100) and 
and challenged (in the right leg) one week post 
infection with 9.70 X 10^ cfu of the same 
strain (mean curve from four guinea pigs up to 
15 days and afterwards from two animals).
□ Q left leg
0 o right leg
(i) Note the identical progress of infection at 
primary and challenge sites.
GROUP III (challenged 2 weeks post infection; x 10 dose)
m  GLUTEAL CIRCUMFERENCE
m
M S  POST INFECTION
GROUP IV (challenged 1 week post infection)
MM GLUTEAL CIRCUMFERENCE
255 IS
M S  POST INFECTION
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effect on cell recruitment, the measurements of the primary site 
were also affected.
(iv) Challenged one week post infection with usual challenge
Fig. 19 reveals the progress of infection both at primary and 
challenge sites, when the animals were challenged one week post 
infection. A similar pattern of gluteal measurements at two 
sites suggested that animals have not yet developed sufficient 
immunity to alter the course of infection at the challenge site.
(v) Challenged two weeks post infection with heat killed usual
challenge dose
As is evident from Fig. 20 the gluteal circumference 
measurements revealed a response similar to the one observed with 
live organisms. There was a sterile abscess at the challenge site 
in two guinea pigs.
(vi) Challenged two weeks post infection with usual challenge 
dose suspended in Freund's incomplete adjuvant
When the animals were challenged with the organisms suspended 
in incomplete Freund's adjuvant, there was a vigorous reaction at 
the challenge site ( Fig. 21). Marked abscessation was also
dose
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Figure. 20. Gluteal circumference measurements of guinea
pigs inoculated (in the left leg) with 12.34 
cfu of pseudotuberculosis (Strain 1100) and 
challenged (in the right leg) two weeks post 
infection with heat killed usual challenge dose 
(8.80 X 10^ cfu) of the same strain (Mean curve 
from four guinea pigs upto 22 days days and 
afterwards from two animals).
D----H left leg
0---- o right leg
(i) Note the biphasic (rather triphasic) 
response at primary site.
(ii) Note the response elicited at challenge 
site (similar to the one induced by live 
organisms).
Figure. 21. Gluteal circumference measurements of guinea
pigs inoculated (in the left leg) with 12.34 
cfu of pseudotuberculosis (Strain 1100) and 
challenged (in the right leg) two weeks post 
infection with usual challenge dose (8.80 X 10^ 
cfu of the same strain) incorporated in 
Freund's incomplete adjuvant (mean curve from 
four guinea pigs up to 22 days and afterwards 
from two animals).
0— Q left leg
0-— o right leg
(i) Note the vigorous response induced at the 
challenge site.
GROUP V (challenged 2 weeks post Infection: heat-killed)
m  GLUTEAL CDtCUKFZRENCI
DAYS POST INFECTION
GROUP VI (challenged 2 weeks post infection: Freund's incomplete adjuvant)
m GLUTEAL CDfCUKFEREHCE
m
5 2£ 25
DAYS POST M IC T IO N
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observed at the primary site.
(vii) and (viii) Challenged three and five weeks post infection 
with the usual challenge dose
The response observed ( Figs. 22 and 23) in these groups was 
essentially the same as seen in the group challenged two weeks 
post infection but slightly more pronounced. This suggests that 
the animals have developed considerable hypersensitivity to 
reinfection.
(b) Gross pathologic, bacteriologic and histopathologic studies
Table 5-II shows the organ indices (organ weight/body weight 
X 100) and number of lesions observed in the liver and spleen of 
guinea pigs in different groups. All guinea pigs showed a 
pyogranulomatous lesion at the primary site of infection and a 
similar lesion was also observed at the challenge site. A few 
animals sacrificed at the later stages of the experiment showed 
completely healed primary and challenge sites. Lymph nodes 
(superficial inguinal and /or sciatic) draining the primary site 
of infection showed lesions in almost all the animals, while no 
lesions were observed in the lymph nodes draining the challenge 
site except for 2 animals in the group challenged one week post 
infection and another animal in the group challenged with ten 
times the normal dose. As is evident from Table 5-II, in most of
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Figure.22. Gluteal circumference measurements of guinea
pigs inoculated (in the left leg) with 12.34 
cfu of pseudotuberculosis (Strain 1100) and 
challenged (in the right leg) three weeks post 
infection with 6.72 X 10^ cfu of the same 
strain (mean curve from four guinea pigs up to 
28 days and afterwards from two animals).
0--Q left leg
°-- o right leg
(i) Note the response induced at the challenge
site is more pronounced than in the other groups.
Figure. 23. Gluteal circumference measurements of
guinea pigs inoculated (in the left leg) with 
12.34 cfu of pseudotuberculosis (Strain 
1100) and challenged (in the right leg) five 
weeks postinfection with 8.16 X 10^ cfu of the 
same strain, (mean curve from four guinea pigs 
up to 26 days and afterwards from three 
animals).
0-- Q left leg
o-- o right leg
GROUP VII (CHALLENGED)
m  GLUTBAL CIRCUWTRENCE
m
DAVS POST INFECTION
GROUP VIII (challenged 5 weeks post infection)
m  GLUTBAL CIRCUMFEREHCE
m
M S  POST INFECTION
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TABLE 5-II
*
ORGAN INDICES AND LESION ENUMERATION IN DIFFERENT GROUPS 
OF GUINEA PIGS INFECTED AND CHALLENGED WITH PARENT STRAIN
Organ Indices in Guinea Pigs Number of Lesions
** Killed 1 and 2-3 Weeks Postchallenge 
Challenge group Liver Spleen Lungs Liver Spleen
1 2-3 1 2-3 1 2-3 1 2-3 1 2-3
Usual challenge 9.16 21.80 0.33 0.86 1.21 1.80 26.50 26 7.5 3.5
Challenged one
week post 6.86 16.84 0.22 2.13 1.43 2.44 8.5 21 - 9
infection
Challenged with
ten times the 7.30 9.93 0.39 0.43 1.19 0.98 10 4 3 1
normal dose
Challenge dose
in Freund’s 10.46 15.07 0.75 0.65 1.38 1.92 17.5 21 2 6.5
adjuvant(incomplete)
Challenge dose
heat killed 14.35 15.81 0.82 0.55 1.26 0.84 32 22 16
Challenged three
weeks post 14.93 - 1.81 - 1.58 - 17.5 - 3.5
infection
Challenged five
weeks post 10.44 - 0.25 - 0.89 - 4.5
infection
No challenge 14.63 - 1.30 - 1.57 - 21 - 4
* For definition of organ index see Chapter 2 (page no
** Four guinea pigs per group: two were killed one week post 
challenge and other two killed 2-3 weeks after challenge 
and results were tabulated accordingly
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the groups an increase in the liver, spleen, and lung indices was 
observed. Visceral lesions were mostly confined to the liver, 
spleen and rarely lungs. Some animals did show lesions at other 
anatomical sites including abscesses between the greater 
curvature of the stomach and spleen, subcutaneous abscesses and 
lesions in the scrotal sacs . An apparent increase in the size of 
abscesses was also observed in animals sacrificed 3-4 weeks 
postinfection. Enumeration of lesions in visceral organs revealed 
considerable variation in individual animals in each group. The 
unchallenged group showed an average of 21 lesions in the liver, 
while the group challenged with the usual challenge dose had an 
average of 26 lesions. All other groups showed a variation from 
4 to 32 lesions in the liver. Similarly, in the spleen, the 
unchallenged group revealed an average of 4 lesions while the 
usual challenge group showed a mean of 7.5 lesions. All other 
groups showed numbers of lesions varying from 1-16. It seemed the 
number of lesions in the liver and spleen was determined by the 
initial distribution of the organism and its localization at 
different sites. Because of the small number of guinea pigs, 
differences between the groups could not be analysed 
statistically.
Table 5-III shows the counts of C. pseudotuberculosis at 
primary and challenge sites in guinea pigs killed at different 
time intervals after the challenge. The group challenged one week 
post infection with the usual challenge dose showed higher counts 
both at primary and challenge sites. Similarly the group
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TABLE 5-III
COUNTS OF CORYNEBACTERIUM PSEUDOTUBERCULOSIS AT PRIMARY 
AND CHALLENGE SITES*
** Killed 1 Week 
Challenge group post challenge
primary challenge
site sitesite
Killed 2-3 weeks 
post challenge
primary
site
challenge
site
No challenge 6.72 X 107
Usual challenge 6.75 X 106 8.40 X 106 6.11 X 107 1.89 X 107
Challenged one 3.08 X 106 9.79 X 106 1.56 X 108 6.69 X 107
week postinfection
ten times normal 
dose
Challenge dose 7.53 X 106 1.02 X 107 4.43 X 108 1.01 X 108
incorporated
in Freund's adjuvant
Challenge dose 4.54 X 108 - 1.46 X 106
heat killed
Challenged 2.19 X 107 6.83 X 106 N.D N.D
three weeks 
postinfection
Challenged 2.08 X 107 3.65 X 107 N.D N.D
five weeks 
postinfection
* values are mean counts/g from 2 guinea pigs
** Four guinea pigs per group: two killed 1 week post challenge, 
the other two killed 2-3 weeks after challenge and results 
tabulated accordingly
N.D Not done
Challenged with N.D 1.93 X 107 3.58 X 106 2.14 X 107
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challenged with the dose incorporated in incomplete Freund’s 
adjuvant showed higher counts both at the primary and challenge 
sites. Because of the small number of guinea pigs in each group, 
differences between the groups could not be analysed 
statistically.
Histopathological studies revealed a pyogranulomatous 
response at the primary and secondary infection sites. There was 
a central mass of dead neutrophils surrounded by another zone 
containing neutrophils and mononuclear cells, predominantly the 
latter. The challenge site showed predominantly mononuclear cells 
and a few lymphocytes surrounding the mass of dead cells 
(neutrophils and mononuclear cells) in the centre.
PRELIMINARY DISCUSSION
The results of these experiments confirmed the earlier 
observations that a biphasic response occurs at the primary site 
of infection. When the gluteal measurements were continued 
further, a third peak was regularly observed in almost all the 
animals at about the 25th day post infection. This biphasic 
(perhaps triphasic) granulomatous response can be expected to 
occur in the lesions in the lymph nodes, spleen, and liver. While 
studying the development of lesions in the liver of mice 
following C. pseudotuberculosis infection, Jolly (1965b) reported 
a gradual increase in the size of abscesses over an eight day 
observation period. This increase in size was attributed to the
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cellular infiltration (neutrophils and mononuclear cells) in the 
lesions. Most of the peaks observed in the measurement of the 
local lesion in the present study perhaps represent the 
recruitment of the neutrophils and mononuclear cells in the 
lesion as revealed by histopathology 2 weeks post infection. 
Challenge of the convalescent guinea pigs with ten times the 
normal dose, revealed that the third peak regularly observed at 
the primary infection site in other groups was abolished, 
indicating that in the presence of a heavy antigenic load the 
cell recruitment at the primary site was also affected.
Incorporation of the challenge dose into incomplete Freund's 
adjuvant resulted in a vigorous abscessation at the inoculation 
site, suggesting that this adjuvant was not suitable for 
enhancing immunity to C. pseudotuberculosis vaccines. Similar 
observations have been made by Cameron and Fuls (1973), while 
attempting to enhance the immunity to killed vaccines in sheep.
Challenge of the convalescent guinea pigs, 2 weeks post 
infection, revealed that reinfection does occur at the challenge 
site as evinced by the formation of a pyogranulomatous lesion. 
However the protective immunity was expressed by absence of any 
lesions in the lymph nodes draining the challenge site. 
Apparently no fresh lesions were observed in the visceral organs 
either. This type of protective immunity was not effective at 1 
week post infection as revealed by presence of lesions in the 
lymph nodes of the challenge side in two out of four animals. In
the group challenged with ten times the normal dose, one guinea 
pig also showed involvement of the lymph nodes draining the 
challenge site.
Earlier it has been shown that following i/p injections of an 
attenuated strain of C. pseudotuberculosis in mice, acquired 
immunity to a virulent strain was manifested in the mouse 
peritoneal cavity on about the fourth day after the initial 
infection (Hard,1969). Recently Batey (1986a) in his studies with 
a mouse model showed evidence of reinfection at the challenge 
site with immunity expressed by an absence of organisms from the 
secondary infection sites.
However while considering the protective immune responses to 
experimental C. pseudotuberculosis infection in guinea pigs, two 
possibilities should be considered i.e either the challenge dose 
was confined to the site of inoculation by the immune mechanisms 
of the host, or, the dissemination of the challenge inoculum was 
there but the organism was dealt with in the visceral organs by 
the ensuing immunity. It was difficult to answer these questions 
as there was, at this stage of the study, no way of 
distinguishing between the organism used for primary infection 
and subsequent challenge.
5.2 MODULATION OF HOST RESPONSE FOLLOWING INITIAL INFECTION WITH
PARENT STRAIN (1100) AND REINFECTION WITH THE DOUBLE 
ANTIBIOTIC RESISTANT STRAIN (1100 E+S)
EXPERIMENTAL DESIGN
Sixteen male Duncan Hartley guinea pigs of 8-10 weeks of age 
were divided into 8 groups of two each. Four groups were infected 
by i/m inoculation into the left leg of 0.2ml of a 10”  ^dilution 
of an 18hr brain heart infusion broth (containing 0.1 per cent. 
Tween 80) culture containing 2.50 X 10^ cfu. At the commencement 
of the experiment and then every alternate day, body weights and 
gluteal circumferences of infected and noninfected legs of these 
guinea pigs were recorded. Seventeen days post infection, all 
eight groups were challenged by i/m inoculation into the right 
leg of 0.2ml of a washed suspension of the Strain 1100(E+S) of C. 
pseudotuberculosis containing 1.40 X 10^ cfu. At 3hr, 48hr, 72hr 
and 10 days postchallenge, animals from one infected group and a 
challenge control group were sacrificed and subjected to a 
detailed necropsy. The primary site, challenge site, liver, 
spleen and muscle adjoining to the challenge site were 
aseptically collected and the amount of parent and double 
antibiotic resistant strain was quantitated in these tissues.
RESULTS
(a) Gluteal circumference and body weight measurements
Figs. 24 - 31 show the changes observed in gluteal
circumference measurements of left and right legs of these guinea
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Figure 24. Gluteal circumference measurements of guinea pigs 
inoculated (in the left leg) with 2.50 X lO^cfu 
of Cj_ pseudotuberculosis (Strain 1100) and 
challenged 17 days post infection in the right 
leg with 1.40 X 10? cfu of a double antibiotic 
resistant mutant (1100 E+S) of the parent 
strain (killed 3hr post challenge).
(mean curve from 2 guinea pigs)
A---A left leg
V----V right leg
(i) Note the biphasic response induced in the left leg.
(ii) No alterations in the challenge leg measurements 
were recorded at 3 hr.
Figure.25 Gluteal circumference measurements of guinea 
pigs inoculated with 1.40X10? cfu of double 
antibiotic resistant mutant (1100 E+S) in the 
right leg and killed 3hr post challenge, 
(mean curve from 2 guinea pigs)
A- A left leg
y— — y right leg
(i) No alterations in gluteal measurements were 
recorded at this time.
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Figure 26. Gluteal circumference measurements of guinea
pigs inoculated (in the left leg) with 2.50 X 
lO^cfu of pseudotuberculosis (Strain 1100) 
and challenged 17 days post infection in the 
right leg with 1.40 X 10? cfu of a double 
antibiotic resistant mutant (1100 E+S) of the 
parent strain (killed 48 hr post challenge), 
(mean curve from 2 guineapigs)
A-----A left leg
7----- 7 right leg
(i) Note the increase in gluteal circumference in the 
challenge leg (there was definitely a reduced 
response as compared to the challenge control see 
Fig.27)
Figure 27. Gluteal circumference measurements of guinea 
pigs inoculated with 1.40 X lO^cfu of the 
double antibiotic resistant (1100 E+S) mutant 
in the right leg and killed 48 hr post 
challenge.
A— --- A left leg
7 7 right leg
(mean curve from 2 guinea pigs)
(i) Note the sharp increase in gluteal circumference of 
the right leg.
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Figure 28. Gluteal circumference measurements of guinea 
pigs inoculated (in the left leg) with 2.50 X 
10^ cfu of pseudotuberculosis (Strain 1100) 
and challenged 17 days postinfection in the 
right leg with 1.40 X 10^ cfu of a double 
antibiotic resistant mutant (1100 E+S) of the 
parent strain (killed 72 hr post challenge), 
(mean curve from 2 guinea pigs)
A A left leg
sf- 57 right leg
(i) Note a receding trend in the measurements of the 
challenge leg (while in control animals these 
measurements are still increasing see Fig. 27)
Figure 29. Gluteal circumference measurements of guinea
pigs inoculated in the right leg with 1.40 X 10? 
cfu of the double antibiotic resistant mutant 
(1100 E+S) in the right leg and killed 72 hr 
post challenge.
(mean curve from 2 guinea pigs)
A A left leg
V V right leg
(i) Note the increasing gluteal measurements of the
right leg (the previously infected animals started 
showing a downward trend at this time see Fig 28 )
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Figure 30. Gluteal circumference measurements of guinea 
pigs inoculated (in the left leg) with 2.50 X 
10^ cfu of pseudotuberculosis (Strain 1100) 
and challenged 17 days post infection in the 
right leg with 1.40 X 10? cfu of a double 
antibiotic resistant mutant (1100 E+S) of the 
parent strain and killed 10 days post 
challenge.
(Mean curve from 2 guinea pigs)
A- A left leg
 V V right leg
(i) Note a biphasic response in the left leg 
measurements.
(ii) Note the increase in measurements of the right leg 
(challenged leg) which started showing a receding 
trend at 72 hr and has further declined at 10 days 
post challenge.
Figure 31. Gluteal circumference measurements of guinea
pigs inoculated with 1.40 X 10 ? cfu of the
double antibiotic resistant mutant (1100 E+S) 
in the right leg and killed 10 days post 
challenge.
(mean curve from 2 guinea pigs)
A A left leg
 V----- — V right leg
(i) Note the measurements in these control animals are
higher than seen in the previously infected group 
(see Fig. 29)
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DAIS (CHALLENGE DAT 17)
pigs (previously infected and challenge control) during the 
period under study. The primary infection (in the left leg) 
resulted in an acute inflammatory response at the site of 
inoculation and regular measurements revealed a biphasic pattern 
(see Figs. 24 and 30) as observed earlier. As is evident from 
Figures 25 and 28, the biphasic response was not very striking in 
two groups. After challenge at 17 days post infection in the 
right leg both the challenge control and previously infected 
groups did not reveal any alterations in gluteal measurements of 
the challenged leg at 3hr post challenge. However at 48hr post 
challenge a sharp increase was noticed in the gluteal 
measurements of right legs in both the groups but as compared to 
the controls the measurements were less in the previously 
infected groups (see Figs.26 and 27). At 72hr post challenge the 
right gluteal measurements of the previously infected group had 
already started showing a downward trend (see Fig.28) but it was 
not the case in the challenge control animals which were still 
showing an increase in the measurements (see Fig.29). At 10 days 
post challenge the gluteal measurements of the challenge leg had 
further decreased in the previously infected group and the 
challenge control animals after exhibiting a marked increase were 
just starting to show a receding trend.
At seventeen days post infection the infected animals were 
showing a loss of body weight at the rate of 1.34g/day while the 
control animals were gaining weight at 5.32g/day. However after 
challenge both the groups showed decreased weights.
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(b) Gross pathological and bacteriological observations
Necropsy of all previously infected animals revealed 
pyogranulomatous lesions at the site of infection, local lymph 
nodes, liver and spleen. At the challenge site no changes were 
observed at 3hr post challenge in both the control and previously 
infected groups. However at 48hr post challenge, while an acute 
swelling was observed in challenge control animals, the 
previously infected guinea pigs revealed an intense reddening of 
the muscle tissue around the inoculation site and a small amount 
of pus was oozing out from an opening at the site (see plate no.
V). This reaction is reminiscent of the Koch's phenomenon 
observed in tuberculous guinea pigs upon reinfection. At ten 
days post infection the challenge control animals showed small 
pyogranulomatous lesions in the spleen in addition to lesions at 
the site of inoculation. The previously infected group did not 
show any fresh lesions in the internal organs but the challenge 
sites revealed abscesses.
As is evident from Table 5-IV, at 3hr post challenge the 
guinea pigs from infected and control groups did not show the 
presence of the marker strain in the liver and spleen and counts 
of this strain at the challenge site were found to be reduced in 
previously infected guinea pigs . At 48hr post challenge, both 
control animals showed presence of the marker strain in the 
spleen but only one convalescent animal revealed its presence in 
addition to parent strain in this organ. At this time counts at
217
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Plate V. Post mortem findings in guinea pig infected 
with parent strain (1100) by i/m inoculation 
into left leg and challenged 17 days post 
infection by inoculation of double antibiotic 
resistant mutant into the right leg (animal 
was killed 48 hr post challenge).
(i) Note a capsulated abscess in the left leg.
(ii) Note redness of the right leg and small amount of 
pus oozing out from the inoculation site.
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TABLE 5-IV
COUNTS OF C .PSEUDOTUBERCULOSIS (PARENT AND ANTIBIOTIC RESISTANT STRAINS) IN
TISSUES OF INFECTED GUINEA PIGS*
Killing interval (post challenge)
3hr 4 8hr
Previously Challenge Previously Challenge
infected control infected control
Tissues GP1 GP2 GP1 GP2 GP1 GP2 GP1 GP2
Primary no 1.46X105 - - 7.33X104 8.25X103
site lesion
Challenge4.20X103 3.87X105 6X105 1.56X106 1.21X106 7.43X105 1.65X107 1.53X107
site**
Liver 5.83X104 1.23X106 - - 1.50X104 4.33X105
with lesions
Liver with 
no lesions
Spleen 7.12X104 1X106 - - 5.33X105 6.50X105 1.42X104* * 1.07X103* *
1.16X103 * *
Healthy _ _ _ _ _  1.57X103 1.07X103 5.0X103
muscle on 
challenge side**
* Counts per gram of tissues
** Counts on blood agar plates containing 500ug Of streptomycin 
and 5ug of erythromycin/ml of the medium
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challenge sites in control animals varied from 1.53 X 10^ to 1.63
counts varying from 9.43 X 10^ to 1.21 X 10^/g of muscle tissue. 
Healthy looking muscle adjoining the challenge site also showed 
counts in two control animals while only one of the previously 
infected animals had counts at this site.
At 72hr post challenge the marker strain could not be 
detected in visceral organs of the previously infected animals 
but one of the challenge controls did show its presence in the 
spleen (see Table 5-V). In addition to counts at the challenge 
site, healthy looking muscle adjoining the challenge site showed 
counts of the marker strain in one of the control animals. Groups 
sacrificed 10 days after the challenge showed presence of the 
marker strain in the spleen of both the control guinea pigs (see 
Table 5-V) while only one previously infected guinea pig examined 
at this time showed presence of parent strain only. The challenge 
site in control animals revealed counts varying from 1.23 X 10^ 
to 1.70 X 10^ while the previously infected guinea pig showed 
counts of 6.62 X 10^ .
PRELIMINARY DISCUSSION
Though the number of guinea pigs was small and differences 
between the groups could not be analysed statistically, there was 
evidence that primary infection does not prevent the development 
of local abscesses at the reinfection site. This corroborates the
X 10^/g of muscle tissue while the previously infected group had
TABLE 5-V
COUNTS OF C. PSEUDOTUBERCULOSIS (PARENT AND ANTIBIOTIC RESISTANT STRAINS)
IN TISSUES OF INFECTED GUINEA PIGS*
Killing interval (post challenge)
72hr 10 days
Previously Challenge Previously Challenge
infected control infected control
Tissues GP1 GP2 GP1 GP2 GP1 GP2 GP1 GP2
Primary 7.00X104 4.33X104 - - 5.16X105
site
Challenge2.01X105 2.14X106 2.01X106 1.35X106 6.66X102 - 1.70X106 1.23X106
site* *
Liver 4.87X104 3.50X105 
with lesions
Liver 
with no 
lesions
Spleen 3.87X105 2.23X105 2.14X103** - 4.0X105 - 8.08X104* *1.67X105 * *
Healthy - 4.08X103
muscle on 
challenge side**
*Counts per gram of tissue
**Counts on blood agar plates containing 500ug of streptomycin and 5ug of 
erythromycin /ml of the medium
222
similar observations made by other workers where induction of 
immunity to C pseudotuberculosis by different means (toxoid 
vaccine and whole cell or cell wall vaccine ) prevented 
disseminated lesions, but not the development of local lesions 
after challenge exposure (Nairn et al.,1977; Cameron and 
Bester,1984; Brogden et al., 1984b).
In the present study the protective immunity in convalescent 
animals was expressed by absence of lesions due to the double 
antibiotic resistant strain in the draining lymph nodes and 
internal organs. Except for one convalescent animal which showed 
the presence of challenge strain in the spleen at 48hr, none of 
the other challenged animals showed its presence in the internal 
organs. In challenge control animals increasing counts were 
observed at the local site and internal organs. Apparently in 
the immune (previously infected) guinea pigs , the challenge 
inoculum was either confined to the site of inoculation or if 
some organisms did escape they were dealt with in the internal 
organs because of the immunity resulting from the primary 
infection. This observation is reminiscent of the Koch's 
phenomenon (Koch observed that the reinfection of tuberculous 
guinea pigs resulted in a nodule formation at the challenge site 
and there was no apparent spread of the infection to local lymph 
nodes and internal organs. As is evident from a perusal of his 
paper (see appendix I), Koch did not make any cultures from the 
challenge site or internal organs). However, in the present study 
by using the double antibiotic resistant strain (marker strain)
and making frequent cultures from the challenge site and internal 
organs it was possible to study the progress of infection in 
immune (previously infected) and non immune (challenge control) 
animals.
In the present study counts of the double antibiotic 
resistant mutant at the challenge site, at regular intervals, 
revealed that within 3hrs there was a considerable reduction in 
the challenge inoculum in the immune guinea pigs and from 48hr 
onward the bacterial load continued to increase though less than 
in the control animals. At 10 days post challenge fewer organisms 
were detected in immune guinea pigs. This needs to be 
investigated in a large number of animals. It has been shown that 
inoculation of normal mice with tuberculosis H37 RV or BCG 
results in a clear cut decline of organisms in the mouse tissues 
, beginning 14-21 days after infection (Collins,1972) . This 
response is believed to be cell mediated (Mackaness,1971) and is 
brought about by the action of sensitizing antigens released by 
actively growing organisms in the granuloma.
It is known that the reinfection of a tuberculous guinea pig 
results in a nodule at the challenge site which heals up in a few 
days, while in C. pseudotuberculosis reinfected guinea pigs a 
pyogranulomatous lesion is invariably seen at the challenge site. 
When considering the immune responses to experimental C.
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pseudotuberculosis infection both systemic and superficial 
immunity should be considered.
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CHAPTER 6
SECONDARY LOCALIZATION OF C. PSEUDOTUBERCULOSIS
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6. SECONDARY LOCALIZATION OF C. PSEUDOTUBERCULOSIS
There is little experimental evidence about the mechanisms 
which control the localization of bacteraemic organisms of any 
kind at the secondary infection sites. This also applies to C. 
pseudotuberculosis infection in sheep and goats. There is some 
doubt as to the method by which this organism gains entry into 
the animal tissues to cause abscesses in the lymph nodes and 
other internal organs. The generally accepted hypothesis suggests 
contamination of the skin wounds inflicted during shearing in 
sheep, followed by extension to the regional lymph nodes and 
sometimes beyond (Seddon,1929; Batey, 1986b). Experimental 
studies in mouse models (Batey, 1986a) suggest a rapid 
dissemination of the organism from the infection site both as 
free bacteria and within phagocytes, followed by localization in 
the lymph nodes or a variety of internal organs like the liver, 
spleen and kidneys. Such a concept is consistent with the 
observation of the frequency of visceral lesions in sheep and 
with the evidence from experimental infection that pulmonary 
lesions arise concurrently with the lymph node lesions ( Nairn 
and Robertson, 1974 ).
A set of experiments was started in guinea pigs in which an 
initial infection intended to produce a bacteraemia was followed 
or accompanied by injections of sterile tissue-damaging 
substances at sites remote from the infection site, to encourage 
localization.
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It was difficult to show by blood -or organ culture that 
bacteraemia did occur except when animals were given very large 
doses by the i/p route. Various routes were tried for primary 
infection viz; rectal, oral, i/p and i/v . A fairly regular 
infection could be set up by oral administration of doses 1,000 - 
10,000 times the dose used for i/p infection. The advantage of 
the oral route was that the local lesions produced were confined 
to the head and neck lymph nodes and thus the doses of sterile 
substances could be given in the hind legs. There was therefore 
little likelihood of confusion.
A number of experiments were carried out. Though no single 
experiment gave unequivocal and clear cut results the 
overwhelming impression was that it was possible for almost any 
tissue-damaging substance to precipitate secondary lesions in the 
hind leg muscles or any other part of the body. The reason for 
failure to produce totally convincing results was that the groups 
of guinea pigs were too small. These experiments will now be 
described in more detail.
6.1 DISTRIBUTION OF C. PSEUDOTUBERCULOSIS IN THE TISSUES OF 
GUINEA PIGS FOLLOWING INTRAPERITONEAL INOCULATION
Four guinea pigs were inoculated with 5.62 x lO^cfu of C. 
pseudotuberculosis (Strain 1100) by i/p route. Two animals were 
sacrificed 2 hr postinfection and the counts of C_^
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pseudotuberculosis were determined in the liver, spleen, kidney, 
lungs, omentum and blood. Attempts were also made to isolate the 
organism from bone marrow. The other two guinea pigs were killed 
after 24 hr and similar studies conducted.
Table 6- I shows the counts of C. pseudotuberculosis in 
tissues of guinea pigs at 2hr and 24 hr post infection. Counts in 
the omentum were very high: the spleen showed higher counts per 
gram of tissue as compared to the liver and lungs. Organisms 
could be detected in blood only in guinea pigs sacrificed 2 hr 
postinfection. C. pseudotuberculosis could be isolated from bone 
marrow in two guinea pigs ( one from each group ).
6.2 SECONDARY LOCALIZATION OF C. PSEUDOTUBERCULOSIS FOLLOWING 
INTRAPERITONEAL INFECTION
E X P E R I M E N T A L  D E S I G N
Two experiments (secLo i/p/I(l/87) and secLo i/p/II (3/87)) 
were done and data compiled for writing the results. A total of 
twelve male Duncan Hartley guinea pigs of 10-12 weeks of age were 
inoculated with 10^ cfu of C^ pseudotuberculosis by the i/p 
route. After two hours seven infected and three control animals 
(noninfected) were injected i/m into the fore and hind limbs 
with foreign substances as mentioned in Table 6-II. Two infected 
animals were similarly injected with foreign substances 24 hr 
postinfection. Three infected animals not inoculated with
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TABLE 6-1
D I S T R I B U T I O N  O F  C .  P S E U D O T U B E R C U L O S I S  I N  G U I N E A  P I G  T I S S U E S  
F O L L O W I N G  I N T R A P E R I T O N E A L  I N O C U L A T I O N
Observations Time killed postinfection
2 h 24 h
Weight of 
guinea pig
(g)
Weight of 
liver(g)
Counts
cfu/g
Weight of 
spleen(g)
Counts
cfu/g
Weight of 
lungs(g)
Counts
cfu/g
Bacteraemia
cfu/ml
Bone marrow
Omentum
cfu/g
460 480
23.50 28.50
1.91xl05 1.02xl05
0.67 1.15
3.77xl06 1.54xl05
4.14 4.99
7.70xl03 C
7.20X101 1.90xl02
462
28.87
3.33xl05
0.99 
5.83xl06
4.47
C
>106 >106
+
>106
483
31.09 
5.80xl04
0.82 
5.03xl04
5.10
C
>106
q  = confluent
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T A BLE 6-II
I N O C U L A T I O N  S I T E S  A N D  T H E  F O R E I G N  S U B S T A N C E S  I N J E C T E D  F O R  
S T U D Y I N G  T H E  S E C O N D A R Y  L O C A L I Z A T I O N  F O L L O W I N G  I / P  I N F E C T I O N
Site foreign substance injected dose
Left fore limb Calcium chloride 10 per cent (w/v) 0.2ml
Right fore limb Sterile sand and powdered glass 
(thick suspension)
(50:50)
0.5ml
Left hind limb Tween saline (0.1 per cent Tween 80) 0.5ml
Right hind limb Incomplete Freund's adjuvant 0.5ml
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foreign substances were kept as controls.
At the commencement of the experiments and then every 
alternate day all the animals were critically examined for any 
lymph node swelling or lumps at the sites inoculated with foreign 
substances. Two weeks post infection all the animals were killed 
and subjected to a detailed necropsy. Material from the sites 
inoculated with foreign substances and draining lymph nodes was 
cultured onto blood agar.
RESULTS
(a) Clinical and gross pathological observations
Progress of infection in infected controls and guinea pigs 
inoculated with foreign substances was essentially the same 
except for the presence of additional lesions at the sites 
inoculated with foreign substances and the lymph nodes draining 
these sites. Following i/p inoculation a small pea sized nodule 
was visible at the site of inoculation on the third day. Guinea 
pigs subjected to a detailed necropsy 3-4 weeks post infection 
revealed lesions at the site of inoculation, lesser omentum, 
liver , spleen and other peritoneal sites. Orchitis was observed 
in most of the guinea pigs infected by this route. Diagram 6-1 
shows the pattern of lesions observed in infected guinea pigs and 
the group subsequently inoculated with foreign substances 
(Experiment no. SecLo i/p I (1/87)).
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Diagram 6-1. Specimen post mortem findings in guinea pigs 
infected by i/p inoculation of lO^cfu of C. 
pseudotuberculosis and injected with foreign 
substances in the limbs (experiment no.seclo 
i/p/I(l/87))
Guinea pigs in cage I (NM and BH) were 
infected controls (not inoculated with 
foreign substances).
(i) Note lesions in the liver and spleen 
Guinea pigs BH and NM (cage II) were infected 
by i/p inoculation of pseudotuberculosis 
10^ cfu and within 2 hr injected with foreign 
substances.
Right hind limb Incomplete Freund's
adjuvant
Right fore limb Sterile sand and
powdered glass
Left hind limb Tween saline
Left fore limb Calcium chloride
(i) Note lesions at the site inoculated with 
incomplete Freund's adjuvant and the local 
lymph node
(ii) Guinea pig cage II BH is showing lesion? at all 
the sites inoculated with foreign substances 
except the site inoculated with Tween saline
C. ovis (guinea pigs) POST MORTEM FINDINGS
A\
-
'■% .
Cage II NM
l-'f/ \
r . '
N 1 '/ *i 'Jj. -
Cage II BH
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Table 6-III reveals the secondary localization of C♦ 
pseudotuberculosis following infection by the i/p route and 
inoculation with foreign substances. Out of seven guinea pigs 
inoculated with incomplete Freund's adjuvant, five showed lesions 
at the site; in four animals, draining lymph nodes were also 
involved. Calcium chloride could induce lesions only in four 
animals and two showed lesions in the local lymph nodes. 
Similarly sterile sand and glass induced lesions only in two 
guinea pigs and one animal showed involvement of the draining 
lymph node . Tween 80 saline produced lesions only in one guinea 
pig. Inoculation of foreign substances 24 hr after infection 
showed involvement of the local lymph nodes only. Three 
uninfected guinea pigs inoculated with foreign substances did not 
show any lesions either at the sites or draining lymph nodes. 
Infected control guinea pigs also did not show any lesions at 
these sites or the regional lymph nodes. pseudotuberculosis 
could be isolated from all the sites showing lesions.
Guinea pigs infected by the i/p route and killed after 3 
weeks showed residual lesions at the inoculation sites. Sometimes 
a number of subcutaneous abscesses were present. Attempts were 
made to infect guinea pigs by the oral route and then study the 
secondary localization.
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TABLE 6 -111 * *
SECONDARY LOCALIZATION OF C_^ PSEUDOTUBERCULOSIS FOLLOWING
INTRAPERITONEAL INFECTION
Foreign* Timing of No. of No. of No. of
substances injection animals animals showing animals showing
injected postinfeetion injected lesions in thigh lesions in local
muscle lymph nodes
Calcium 2 hr. 7 4 2
chloride
Incomplete 2 hr. 7 5 4
Freund’s 
adj uvant
Saline 2 hr. 7 1 2
containing 
0.1 per cent 
Tween 80.
Sand/glass 2 hr. 7 3 1
mixture
(50:50)
Calcium 24 hr 2 - 1
chloride
Incomplete 
Freund's
adjuvant 24 hr 2 - 1
Tween 80 24 hr 2 - 2
saline
Sand/glass 24 hr 2 - 1
mixture
Controls 3 -
(infected but no 
thigh injections)
Controls (not
infected but 2hr 3 -
injected with 
foreign substances)
* Foreign substances were injected i/m into the fore and /or hind limbs 
** Composite Table prepared from the results of two experiments
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6.3 SECONDARY LOCALIZATION OF C. PSEUDOTUBERCULOSIS FOLLOWING
O R A L  I N F E C T I O N
E X P E R I M E N T A L  D E S I G N
Four experiments (seclo/oral/I(4/87), seclo/oral/II(5/87), 
seclo/oral/III (6/87) and seclo/oral/IV (11/87)) using smaller 
groups of animals were done and data compiled for writing the 
results. A total of twenty-two male Duncan Hartley guinea pigs 
of 10-12 weeks of age were infected by oral administration of 10® 
cfu of Strain 1100 of Cj_ pseudotuberculosis. Three guinea pigs 
were given 10® cfu and another three 10^ cfu to estimate the 
susceptibility to lower doses of infection. One hour post 
infection infected animals were inoculated i/m in the hind limbs 
with either incomplete Freund’s adjuvant (0.5 ml) , calcium 
chloride 10 per cent.(w/v) (0.2 ml), powdered sand/glass mixture 
suspended in saline (0.5 ml) or Tween saline (containing 0.1 per 
cent Tween 80) (0.5 ml). Seven animals initially infected and not 
inoculated with foreign substances and another five guinea pigs 
initially uninfected and inoculated with foreign substances 
served as controls.
At the commencement of the experiments and then every 
alternate day the control and infected guinea pigs were 
critically examined for lumps in the head and neck (indicating 
involvement of the local lymph nodes) and in the draining lymph 
nodes of the sites inoculated with foreign substances. The
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gluteal circumference of the guinea pigs inoculated i/m in the 
thighs with foreign substances was determined every alternate day 
to give an indication of the extent of the reaction induced 
locally. Three to four weeks post infection animals were 
sacrificed and subjected to a detailed necropsy. Cultures were 
made onto blood agar (containing 5 per cent, sheep blood) from 
the lymph nodes and the sites showing abscesses.
RESULTS
(a) Clinical studies
Lumps in the head and neck, at the sites of inoculation of 
foreign substances and in the local lymph nodes were palpable one 
week post infection. Sometimes the lymph nodes draining the sites 
inoculated with foreign substances were palpable earlier than the 
submaxillary and cervical lymph nodes. The lymph nodes gradually 
increased in size. As time elapsed, in some animals the lymph 
nodes in the axillary region also showed enlargement, possibly 
due to extension of infection from the lymph nodes of the head 
and neck.
Fig 32 shows the changes in gluteal measurements induced at 
the sites of inculation of foreign substances. Calcium chloride 
induced an acute inflammatory reaction at the site which peaked 
at about the fourth day and then declined gradually. Incomplete 
Freund’s adjuvant produced a progressive increase in gluteal
238
239
Fig. 32. Gluteal measurements of guinea pigs administered 
10® cfu of pseudotuberculosis orally and 
injected with foreign substances in the hind 
legs within 1 hr. (mean curve of the values 
obtained from two guinea pigs in each group) 
(Experiment no. seclo/oral/II(5/87)).
Inoculated with IFA 
Inoculated with calcium chloride 
Inoculated with Tween saline 
Inoculated with sand and glass
(i) Note a progressive increase in measurements 
of the leg inoculated with IFA
(ii) Note an acute response in measurements of the 
leg inoculated with calcium chloride
(iii) Tween saline and sand and glass induced a 
mild response
B B
Q Q
CACL2; SAND/GlASS; TVEEN- SALINE U  hi) ; INCOMPLETE FREUND ADJUVANT <.rhi )
m  circ.i 
90 r
I
i
95 i
0 5 10 15 20
days post infection
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measurements and the induced swelling was the most persistent, 
perhaps because of a delayed hypersensitivity component. Sterile 
sand/glass mixture and Tween saline produced only a mild increase 
in gluteal measurements (as is evident from Fig. 32).
(b) Gross pathological and bacteriological observations
Oral administration of 10^ cfu/guinea pig in twenty two 
animals resulted in infection in eighteen. Sixteen animals showed 
involvement of submaxillary and cervical lymph nodes but no 
lesions were seen in the mesenteric lymph nodes, suggesting that 
the route of infection was via the buccal or pharyngeal mucosa. 
Lesions were also observed in the liver, spleen and occasionally 
in the lungs. Diagrams 6-II and 6-III show the typical pattern of 
lesions in infected guinea pigs and the group subsequently 
inoculated with foreign substances (see Plate VI also). Two 
animals did not show involvement of submaxillary and cervical 
lymph nodes, one of them showed lesions in precrural lymph nodes 
and the other showed lesions in axillary lymph nodes at necropsy. 
There were lesions in the liver and one showed lesions in the 
spleen. Three guinea pigs infected with 10^ cfu of C. 
pseudotuberculosis and another three given lO^cfu were normal at 
necropsy six weeks post infection.
Post mortem lesions in orally infected guinea pigs with 
inj ections of foreign substances in the thighs are recorded in 
diagrams 6-2 and 6-3. Table 6-IV reveals that the site
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Diagram 6-II. Specimen post mortem findings in guinea pigs 
administered lO^cfu of pseudotuberculosis 
orally.
(i) Note involvement of the submaxillary and cervical
lymph nodes in guinea pigs cage I NM,BH and cage 
II NM only.
(ii) Note involvement of the precrural lymph node in
guinea pig cage I BH.
(iii) Guinea pig cage II BH did not show involvement of 
the submaxillary or cervical lymph nodes. Lesions 
were present in the liver and spleen.
C. ovis -guinea pigs) POST MORTEM FINDINGS
/ C«»*9 \
\ A f  v  /
x~ r ^
Cage I NM Ca9e 1 BH
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Diagram 6-III. Specimen post mortem findings in guinea
pigs administered 10® cfu of C. 
pseudotuberculosis orally and injected 
i/m into the hind limbs with foreign 
substances (experiment no.
secLo/oral/II(5/87).
Guinea pigs cage I. Right hind limb injected with IFA and
left hind limb with Tween saline
(i) Note lesions at the site inoculated with IFA 
and the local lymph node in both guinea pigs
(ii) Note involvement of the lymph node only at the
site inoculated with Tween saline
Guinea pigs cage II Right hind limb injected with IFA
left hind limb injected with 
calcium chloride
(i) Note absence of lesions in the local lymph node and 
the site inoculated with IFA in guinea pig NM . The 
side inoculated with calcium chloride showed 
lesions both at the site and in the local lymph 
nodes only in guinea pig NM.
C. ovis (guinea pigs) POST MORTEM FINDINGS
C D
Cage I NM Cage I BH
Cage II N M
Cage II BH
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Plate VI. Guinea pig^cage I (BHy administered 10^ cfu of 
C. pseudotuberculosis orally and injected i/m 
into the right hind limb with IFA and left hind 
limb with Tween saline.
(i) Note involvement of lymph nodes in head and 
neck area following oral feeding.
(ii) Note lesions at the site inoculated with
IFA and in the local lymph nodes.
(iii) Note involvement of local lymph node only 
on the side inoculated with Tween saline.
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TABLE 6-IV+
SECONDARY LOCALIZATION OF C^ _ PSEUD0TUBERCULOSIS FOLLOWING ORAL
INFECTION #
Thigh Timing of No. of animals No. of No. of
injections injection inoculated animals showing animals showing
dose post infection lesions in thigh lesions in local
muscle lymph nodes
Calcium 1 hr 5 2 3
chloride
(0.2 ml)
Incomplete 1 hr 
Freund's 
adj uvant 
(0.5 ml)
Sand/glass 1 hr 2
mixture
(0.5 ml)
Tween 1 hr 4 - 2
saline
(0.5 ml)
Control 7 - 3**
■^Animals were administered 10®cfu orally 
*A11 foreign substances were injected i/m into the hind limbs 
** Three control animals also showed lesions in the precrural lymph 
nodes at the time of necropsy 2-3 weeks post infection.
+ Composite Table prepared from the results of four experiments
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inoculated with incomplete Freund's adjuvant showed lesions in 
five out of eight animals. Local lymph nodes were involved in 
six animals. One animal did not show lesions at the site but the 
regional lymph node was involved. Calcium chloride produced 
abscesses at the inoculation site and in the local lymph nodes in 
two animals out of five inoculated. One animal did not show 
lesions at the site but the regional lymph node was involved. 
Inoculation of sterile sand/glass mixture revealed lesions only 
in the regional lymph nodes, while the Tween saline group showed 
lesions only in regional lymph nodes in two animals out of four. 
C. pseudotuberculosis was recovered from all the lesions in lymph 
nodes and from the sites inoculated with foreign substances. 
Uninfected animals inoculated with foreign substances did not 
show lesions either at the site or in the regional lymph nodes. 
Out of seven infected controls three animals showed involvement 
of precrural lymph nodes.
6.4 SECONDARY LOCALIZATION OF ^  PSEUDOTUBERCULOSIS FOLLOWING 
INTRAVENOUS INOCULATION
EXPERIMENTAL DESIGN
Four guinea pigs were inoculated i/m into the right leg with 
incomplete Freund's adjuvant (0.5 ml) and calcium chloride 10 per 
cent (0.2 ml) was injected i/m into the left legs. About 5 min 
after these injections two animals were iniectedi/v into the ear
*fc n
and the other two animals were given 2.50 X lO^cfu of the same 
organism. Animals were observed for two weeks for any clinical 
signs or involvement of the lymph nodes. Two weeks post infection 
all the animals were sacrificed and subjected to a detailed 
necropsy.
RESULTS
(a) Gross pathological findings
One of the animals injected with the higher dose of C. 
pseudotuberculosis was found moribund at one week post infection 
and necropsy at this time revealed abscesses in the liver, 
spleen, and lungs. The site inoculated with calcium chloride 
showed slight pus formation but there was no invovement of local 
lymph nodes. No lesions were observed either at the IFA site or 
in the local lymph nodes. Other guinea pigs injected with the 
higher dose were sacrificed 2 weeks post infection and revealed a 
similar distribution of the lesions.
Two guinea pigs inoculated with the lower dose and killed 2 
weeks post infection revealed fewer lesions in the liver and 
spleen and one of the guinea pigs showed slight pus formation at 
the site inoculated with calcium chloride. The other guinea pig 
did not show any lesions at the site inoculated with calcium 
chloride.
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6.5 DETECTION OF BACTERAEMIA FOLLOWING INOCULATION OF C. 
PSEUDOTUBERCULOSIS BY DIFFERENT ROUTES IN GUINEA PIGS AND 
RABBITS
EXPERIMENTAL DESIGN
Three guinea pigs were inoculated with 8.60 X 10*7 cfu of C. 
pseudotuberculosis (Strain 1100) by i/p route and another two 
groups of two guinea pigs were infected by oral and rectal 
routes. These animals were bled at 3 min, 6 min, 12 min, 24 min, 
48 min, 1 hr, and 2 hr post infection by cardiac puncture. Counts 
of Cj_ pseudotuberculosis in blood were determined by plating out 
undiluted and 1/10 dilutions of each sample in 0.1 ml quantities. 
An average of five plates was taken as the count at that 
interval.
Because of the difficulty in collecting frequent blood 
samples from guinea pigs the subsequent experiments on 
bacteraemia were done using rabbits. Two rabbits were infected by 
the i/p route with 10^ cfu of C^ pseudotuberculosis and blood was 
collected at frequent intervals from the ear vein. Another rabbit 
administered 10^ cfu orally was also bled frequently. Counts of 
C. pseudotuberculosis were determined in the blood as mentioned 
above.
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RESULTS
When guinea pigs were infected by the i/p route, detectable 
numbers of organisms were present in the circulation for a 
transient period. These bacteraemic organisms were rapidly 
cleared from the circulation as is evident from Table 6-V . No 
bacteraemic organisms could be demonstrated after 12 min. 
Following oral or rectal administration no organisms could be 
detected in blood. Perhaps the method used was not sufficiently 
sensitive, or bacteraemic organisms were present in blood for too 
short a period. Figs. 33 and 34 show the counts of bacteraemic 
organisms in blood following inoculation of 10^ cfu by i/p route 
into rabbits. Initial sampling at one minute intervals showed 
considerable variation during the first 20 minutes, subsequently 
the number of organisms was stable, finally clearing from the 
circulation. No organisms could be detected after 140 min. The 
organism could not be demonstrated in blood following oral 
administration in rabbits.
PRELIMINARY DISCUSSION
Guinea pigs, though highly susceptible to C. 
pseudotuberculosis infection by i/p or s/c routes of infection, 
exhibited marked resistance when infected by the oral route. 
Animals could be infected by doses 10,000 times the dose used for 
i/p infection. Most of the animals infected by the oral route 
developed swelling of the submaxillary and cervical lymph nodes
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TABLE 6-V
DETECTION OF BACTERAEMIA FOLLOWING INTRAPERITONEAL, ORAL AND 
RECTAL INOCULATION OF C. PSEUDOTUBERCULOSIS IN GUINEA PIGS
Route of inoculation Counts at time postinfection
( dose ) (minutes)
3 6 12 24 48 60
i/p 8.60X107 0.9xl02 0.4xl03 0.25xl03
Oral 3.72X108 - - - -
Rectal
3.72X108 - - - -
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Fig.33. Counts of C^ pseudotuberculosis per ml of blood at 
different time intervals following i/p inoculation 
of 10^ cfu in rabbit I.
(i) Note extreme variations in counts in first 20
minutes.
(ii) Note the peaks in counts observed at about 40 
minutes and between 60-90 minutes.
14* lit 14* IS* 14* 24*
•Im Im  i/| iujMtii*
255
256
34. Counts of pseudotuberculosis per ml of blood 
following i/p inoculation of 10^ cfu in rabbit 
II.
(i) Note initial decrease in counts and the subsequent 
peak at about 50 minutes.
r a b b i t
log count/*1
6* 1»
ftinutes post injection
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and none of them showed involvement of mesenteric lymph nodes at 
necropsy. It seems that the organism did not survive in the lower 
gastro-intestinal tract and infection has occurred through the 
buccal or pharyngeal mucosa. Similar observations have been made 
by other workers during oral administration of the organism to 
guinea pigs (Dickinson and Bull, 1931) and subgingival 
inoculation of broth culture in goats (Ashfaq and Campbell, 
1980).
Experimental studies in mice have suggested a primary 
dissemination of the organism from the inoculated site both as 
free bacteria or in phagocytes (Jolly, 1965b; Batey, 1986a). In 
the present study bacteraemic organisms could be demonstrated at 
3 min following i/p inoculation of guinea pigs. Detailed studies 
of pseudotuberculosis induced bacteraemia in rabbits revealed 
two peaks: the first occurred within 30 minutes while the second 
was observed between 30-60 minutes. No organisms could be 
detected after 2 hr. Samples collected during the first 20 min 
revealed considerable variation. An explanation could be that 
during the first 20 minutes clumps (of the organism) were being 
counted as the organism was present both as free bacteria and 
also within the circulating phagocytes.
It was not possible to detect bacteraemia following oral 
infection of either guinea pigs or rabbits. It seems the 
bacteraemia ensuing after oral administration is of a transitory 
nature. However failure to detect bacteraemia following oral
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administration might be attributable to the detection method 
being insufficiently sensitive. The guinea pigs infected by the 
oral route and then inoculated with foreign substances revealed 
development of lesions in the submaxillary and cervical lymph 
nodes, sites inoculated with foreign substances and the lymph 
nodes draining them. Swellings in the latter were, in general, 
observed earlier. This suggests that bacteraemia did indeed occur 
following oral infection. Most of the foreign substances used in 
the present study induce inflammation or substantial cellular 
response at the inoculated sites and might have resulted in 
arrival of the bacteraemic organisms either as free bacteria or 
within phagocytes. Enhanced growth of a pseudotuberculosis 
strain originally recovered from sheep at sites in mice 
inoculated with heterologous protein, liquid paraffin, or 
thioglycollate prior to challenge has recently been reported 
(Batey, 1986a).
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CHAPTER 7 
GENERAL DISCUSSION
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7. GENERAL DISCUSSION
Corynebacterium pseudotuberculosis induced caseous 
lymphadenitis (CLA) of sheep and goats has assumed considerable 
economic importance in the countries where intensive husbandry of 
small ruminants is practised. Because of the difficulty in 
controlling CLA, there has been much investigation into the 
mechanisms of protective immunity in order to develop a suitable 
immunogen or vaccine. The present study was directed at expanding 
the available body of knowledge on different aspects of the host- 
bacterium interaction in experimental C. pseudotuberculosis 
infection in guinea pigs and the implication of these findings in 
the natural infection of sheep and goats.
The guinea pig, being highly susceptible to infection by C. 
pseudotuberculosis, was for many years the main experimental 
model (Bull and Dickinson,1931). Use of the laboratory mouse was 
proposed by Tobin and Morse (1957) and subsequently Jolly (1965b) 
suggested that this species was suitable for experimental studies 
because, unlike guinea pigs mice are able to contain the 
infection. The present studies, quite early on, led inescapably 
to the conclusion that the mouse was a far less suitable species 
than the guinea pig for investigating the pathogenesis of 
experimental infection. Both lymphatic and possibly bacteraemic, 
spread of infection could be delineated in guinea pigs. Acquired 
immunity was present, but not efficient enough to prevent 
ultimate fatality. Oral infection with pseudotuberculosis was
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possible, resulting in involvement of submaxillary and parotid 
lymph glands, resembling the natural disease in goats. More 
detailed reasoning leading to this conclusion is given in Chapter 
1 section 1.10.2 ("Departures from the plan of study").
7.1 IMMUNE RESPONSES TO C. PSEUDOTUBERCULOSIS INFECTION
Due to an external lipid layer C^ pseudotuberculosis has an 
ability to survive in the phagocytic cells of different host 
species and it has been included in the group of facultative 
intracellular bacteria (FIB). FIB of veterinary importance 
include members of the genera Brucella, Salmonella,Mycobacterium, 
Nocardia, Listeria and Francisella. These organisms cause 
important diseases in domestic livestock which affect returns 
from animal industry. , Table 7-1 shows some of the known and 
putative facultative intracellular bacteria of veterinary 
importance and the type of protective immune response evoked in 
the respective host species. Many other organisms are observed 
inside the phagocytic cells at some stage during the disease 
process initiated by them. These include Pasteurella multocida 
and Erysipelothrix rhusiopathiae: these organisms are generally 
observed intracellularly when host defenses have been 
overwhelmed. C. pseudotuberculosis is different from other 
members of the group in its ability to produce a potent exotoxin 
in culture.
TABLE 7-1
FACULTATIVE INTRACELLULAR BACTERIA OF VETERINARY IMPORTANCE (KNOWN AND
PUTATIVE ) AND TYPE OF IMMUNITY SEEN IN THE HOST
Organism Parasitism Protective immunity DTH
predominantly
extracellular intracellular humoral cellular
L . monocytogenes + + +
M . bovis + + +
M . avium + + +
M . paratuberculosis + + +
B . abortus + + +
B . melitensis + + +
B . suis + + +
B . ovis + + +
B . canis + + +
F . tularensis + + +
C . pseudotuberculosis + +
N . asteroides + ? ?
S . enteritidis + + + +
(systemic)
(intestinal) +? +? + + +
Y . pestis + + + 7 7
Y . enterocolitica + + + ? +
A . lignieresii + ? + ? ?
A . bovis + ? + 7 7
P . mallei + ? + ? +
P . pseudomallei
with acknowledgements to a Table by Collins and Campbell (1982)
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A characteristic feature of the host-parasite relationship in 
the infections caused by FIBs is a granulomatous response induced 
at the infection sites in the body. pseudotuberculosis also 
induces a pyogranulomatous response at both the primary and 
secondary infection sites.
(a) Primary response
In CV pseudotuberculosis infection in guinea pigs the 
pyogranulomatous response elicited at the primary infection site 
represents a cellular reaction centered around discrete foci of 
the infectious organism. Infiltrating cells phagocytose a portion 
of the inoculum and both the intracellular and extracellular 
organisms are in the process of multiplying. The ensuing cellular 
reaction results in marked abscessation within 3-4 days at the 
primary infection site.
(b) Secondary response
As compared with the primary infection site, lesions in 
internal organs like the liver and spleen result from cellular 
reaction around a few organisms which arrive intracellularly at 
the site of initiation. How these initiation sites are determined 
is not exactly clear: it may be that, in the liver, they are the 
sites of Von Kupfer cells, in the spleen, the macrophages of the 
vascular sinusoids, and so on. The cellular reaction no doubt 
takes some time to build up around these discrete foci of 
organisms which are in the process of multiplying. It is only
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after 7-10 days that pyogranulomatous lesions are evident in 
these organs.
In the present study quantitation of this pyogranulomatous 
response at the primary site of infection revealed a biphasic or 
perhaps a triphasic pattern. An initial peak was observed within 
5-9 days postinfection (depending upon the dose) and a second 
peak was seen at 18-21 days after infection. Youmanas et 
al.,(1977) observed a biphasic granulomatous response in the 
lungs of mice infected by i/v inoculation of the H37Ra strain of 
M. tuberculosis. The first peak observed within 2 days of 
infection was attributed by them to the nonspecific (i.e. 
inflammatory) response of the body and the second peak was 
associated with the specific allergic granulomatous response seen 
approximately at 23 days after the infection. The first peak 
observed in pseudotuberculosis infection in guinea pigs in the 
present study could similarly be attributed to a non specific 
response of the body (acute inflammation) at 5-9 days post 
infection (depending upon the dose), while the second peak seen 
17-21 days after infection might be due to a specific response to 
the organism. Both the peaks suggest cellular recruitment at the 
infection site. Similarly, a biphasic (or triphasic) response can 
be expected to occur at secondary infection sites in the body, 
though it would be hidden during life , and more difficult to 
measure. The response evoked at the primary site could be 
modulated by various treatments (as is evident from the results 
obtained in chapter 5).
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The present study also gave evidence of reinfection, although 
at a reduced level, when previously infected guinea pigs were 
challenged at about the time of the second peak of granulomatous 
response. Immunity was evidenced by an inability of the challenge 
organism to reach the secondary infection sites (lymph nodes and 
visceral organs) due either to failure of dissemination or rapid 
elimination. An altered pattern of the gluteal measurements at 
the challenge sites in convalescent and control guinea pigs did 
suggest that the animals have developed some resistance to 
reinfection but the challenge sites invariably showed a 
pyogranulomatous lesion. Counts of C_^  pseudotuberculosis at 
challenge sites revealed an initial reduction of the inoculum but 
subsequently the organism continued to multiply, though less than 
in controls. However this observation needs further confirmation 
on a large group of animals.
Koch (1891) was the first to observe the accelerated immune 
reponse that occurs within the skin of a tuberculous guinea pig 
reinfected with a virulent tubercle bacillus, later to be known 
as 1 Koch's phenomenon". The primary tuberculous infection 
results in a slow progressive granulomatous tissue reaction with 
extensive lymph node swelling and caseation (Rich,1951). On the 
other hand, the secondary infection site develops only an acute 
mononuclear cell infiltration resulting in a characteristic 
indurative reaction at the challenge site, developing much
266
earlier (48-72 hr after inoculation). The draining lymph nodes to 
this secondary challenge site do not become extensively caseated 
and there is no subsequent haematogenous spread by a challenge 
inoculum to the liver and spleen (Fok et al.,1976). The present 
study showed that a Koch's type of reaction did occur in C. 
pseudotuberculosis infection in guinea pigs as far as the 
inhibition of lesions in the local lymph nodes and internal 
organs due to the challenge dose was concerned but a necrotic 
type of reaction and subsequent healing of the challenge site 
observed in Koch's phenomenon was not seen in C. 
pseudotuberculosis reinfected guinea pigs; instead there was 
invariably formation of a pyogranulomatous lesion.
A spectrum of cell mediated immune responses has been 
described in mycobacterial infections in man and animals. Table 
7-II compares the cell mediated immune responses described in 
tuberculosis and the observations made in Cj_ pseudotuberculosis 
infection in guinea pigs. Mackaness (1968), studying experimental 
Listeria monocytogenes infections in mice, described the pathway 
which has become accepted as fundamental in cell mediated 
immunity to intracellular bacteria . This pathway suggests that 
antigen triggers specifically immunized lymphocytes to release 
mediators that activate macrophages so that they become non- 
specifically microbicidal. However, Rook (1983) observed that 
with the increasing awareness of heterogeneity of antigens, 
lymphocytes, lymphokines and macrophages it seems that the 
"Mackanessian" model describes a family of mechanisms rather than
TABLE 7-II
IMMUNE RESPONSES IN MYCOBACTERIAL AND C. PSEUDOTUBERCULOSIS INFECTION
IN MICE AND GUINEA PIGS
Characteristic responses seen in tuberculosis* responses seen in
Listeria
type
Koch's C . 
type
pseudotuberculosis 
infection
Time required 
for eliciting 
response 
(post infection)
10-20 days 4-6 weeks [ 14 days ]* *
Duration of 
response
months years [ not known ]
Response seen 
at reinfection 
site or skin 
testing site
non-necrotic necrotic pyogranulomatous
Skin testing 
peak
18-23 hr 
disappears 
by 48 hr
40-48 hr 
remains high 
till 96 hr
[ 24-48 hr ] + 
disappears after 
96 hr
Cell type 
seen at 
reinfection 
site
lymphocytes
macrophages
lymphocytes
macrophages
(macrophages] 
[ neutrophils] 
[ lymphocytes]
* including M. tuberculosis and bovis
** Observations in parenthesis [ ] are those obtained in the present
work, otherwise unconfirmed 
+ see appendix III
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one clear-cut pathway. Rook (1983) further observed that this 
model does not seek to explain the number of well proven 
observations of the past (such as Koch's phenomenon and increased 
suscceptibility following immunization). Table 7- III suggests 
a possible classification of the facultative intracellular 
bacteria of veterinary importance according to the type of cell 
mediated response evoked in the host and other attributes of the 
disease. The C_^  pseudotuberculosis type response has been 
considered as distinct, inter alia because of the suppuration 
associated with the granulomatous reaction. It seems some of the 
antigenic components of the organisms classified with C. 
pseudotuberculosis are chemotactic for polymorphs. Table 7-IV 
shows the similarities and differences between tuberculosis and 
caseous lymphadenitis as seen in their natural hosts. Immune 
mechanisms involved in preventing dissemination of the organism 
from challenge sites or elimination of the organism from 
secondary infection sites need to be investigated further.
Animals actively infected with many facultative intracellular 
bacteria develop both delayed type hypersensitivity and acquired 
cell mediated immune response at about the same time. Both 
responses are mediated by immunocompetent "TH cells, and it has 
long been suggested that these responses are causally related 
(Mackaness,1967). The naturally acquired disease is normally 
associated with the simultaneous progression of both the 
responses beginning some 7-10 days into infection (Collins,1972).
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TABLE 7-III
FACULTATIVE INTRACELLULAR BACTERIA. TYPE OF CELL MEDIATED IMMUNE 
RESPONSE EVOKED AND OTHER ATTRIBUTES OF THE DISEASE INDUCED IN THE
NATURAL HOST
Type of response
I
Attributes Mycobacterium 
type*
II
Listeria type** C.
Ill
pseudotuberculosis
type***
Agents M. bovis L .monocytogenes c.
Ilia
pseudotuberculosis
M. paratuberculosis B. abortus p . mallei
M. tuberculosis B . melitensis p ■ pseudomallei
M. avium B. ovis F.
N.
(N^
tularensis ? 
farcinica 
asteroides)
Illb****
B. suis A. lignieresii
B. canis A. bovis
- Salmonella spp. S. aureus
(botriomycosis) 
Y. pseudotuberculosis
Y. enterocolitica
Y. pestis
Course Progressive Acute or subacute Insidious
Distribution Lymphatic 
of early depending on 
lesions point of entry
Systemic
Cutaneous or 
subcutaneous or 
confined to 
local lymph nodes
Hypersensitivity +++
Long lasting
+ + 
Short
reported in Ilia 
diseases but not in 
Illb
Reactivation + - -
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contd.
* Organisms in this group elicit a spectrum of cell mediated immune 
responses including Koch's type and Listeria type
** Organisms in this group elicit typical cell mediated immune 
response as described by Mackaness (1968)
*** Organisms in this group elicit the Listeria type response but 
suppuration is essential feature of the disease.
**** Lesions induced in the natural host show a ray like structure.
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TABLES 7-IV
SIMILARITIES AND DIFFERENCES BETWEEN TUBERCULOSIS AND CASEOUS
LYMPHADENITIS
Characteristics Tuberculosis Caseous lymphadenit:
Reactivation + minimal if any
Suppuration - +
Delayed type 
hypersensitivity + +
Vascularity of 
lesion avascular -
Giant cells present 
in granulomas + -
Yersin type infection 
seen in laboratory animals + -
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In the present study inhibition of dissemination and absence of 
abscesses due to the challenge strain can be attributed to the 
DTH or cell mediated immune responses developing to the primary 
infection. However this needs further clarifications. 
Experimentally, toxin appears to promote the spread of the 
organism in pseudotuberculosis infected animals and Zaki 
(1976) showed that antitoxins inhibit dissemination. In the 
present investigation no attempt was made to determine the levels 
of antitoxic antibodies.
The relative contributions of humoral versus cellular 
immunity in protection against infection by many facultative 
intracellular organisms has been debated in the scientific 
literature. Antituberculous immunity, mediated by mononuclear 
cells alone and unaffected by the presence of immune antibodies 
appearing late in infection, is regarded as a paradigm of purely 
cell mediated immunity. However, on the other, hand resistance to 
Salmonella typhi, Listeria monocytogenes and Brucella abortus is 
believed to be mediated primarily by immunologically activated 
macrophages, often assisted by specific antibodies (opsonins) and 
other serum factors.
Both humoral and cellular immunity has been demonstrated in 
experimental C. pseudotuberculosis infection in mice, sheep and 
goats, without an indication that one type of immunity is more 
important than the other in protection. Earlier studies showed
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that mice could be passively protected with hyperimmune serum and 
there were indications that immunity could be passively 
transferred by lymphocytes and macrophages in mice. The presence 
of increased numbers of macrophages in the resolving lesions in 
the liver of C_^  pseudotuberculosis infected mice led Jolly 
(1965b) to propose a cellular type of immunity in protection 
against the disease. Recent studies in caseous lymphadenitis 
afflicted goats (Hedden et al., 1986) showed normal numbers of 
"B" cells but "T" cells were found to be decreased, suggesting a 
compromised cell mediated immunity, and pointing to a rewarding 
avenue of further study.
It is known that immunological ly activated macrophages can 
eliminate up to 99 per cent, of the bacterial population within 
minutes of introduction into an immune host (Blanden et 
al.,1966). A small residual infection may persist within the 
tissues of even highly immune animals for many months or even 
years. This residual population can evade the normally effective 
host defenses by establishing itself within a protected 
environment such as the gall bladder in human typhoid fever, or 
in avascular tubercles in tuberculosis or in abscesses in caseous 
lymphadenitis of sheep and goats and actinomycosis and 
actinobacillosis in cattle. Such localized foci of infection may 
serve as a potential source of a later recrudescence of active 
disease if at any time the normal host defenses are temporarily 
reduced, for example, during immunosuppressive therapy. On the 
other hand , the presence of viable organisms within the tissues
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may maintain an ongoing state of infection-immunity in the host, 
so that carriers are highly resistant to reinfection by the same 
organism (Collins and Campbell, 1982). "Concomitant" immunity 
occurs in a number of parasitic diseases as well as in 
tuberculosis ( " premunity11).
It seems both humoral and cellular immunity are important in 
protection against C_^  pseudotuberculosis infection. Humoral 
immunity is both antibacterial and antitoxic in nature and cell 
mediated immunity operating through mononuclear cells is 
antibacterial. The role of phagocytic cells, particularly 
neutrophils, warrants further investigations. The effects of 
corynebacterial lipids and toxin on the functions of neutrophils 
of small ruminants are not known. Recently it has been proposed 
that early inflammatory cells (neutrophils) recruited under the 
influence of T lymphocytes at the infection site in immune 
animals, play an important role in protection against the 
infections caused by facultative intracellular bacteria 
(Campbell,1986).
7.2 SECONDARY LOCALIZATION OF C^_ PSEUDOTUBERCULOSIS
The present study gave evidence that shortly after C. 
pseudotuberculosis infection in guinea pigs, there occurs a 
primary bacteraemia (irrespective of the route of infection). This 
bacteraemia is occult: there are no general signs or symptoms and
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its important sequelae are formation of lesions in the liver, 
spleen and other anatomical sites of the body, thus confirming 
and extending similar observations made by other workers in 
studies with mouse models. Only a few attempts were made in the 
present studies to detect directly the presence of organisms in 
blood following infection by different routes: experiments in
guinea pigs did suggest that there was a transient bacteraemic 
phase following i/p inoculation of pseudotuberculosis, but it 
was difficult to study its pattern or duration because of the 
problem of obtaining frequent blood samples. Subsequent 
experiments conducted in rabbits showed that following 
inoculation of a large dose by the intraperitoneal route the 
organism could be detected in blood for about 2 hr.
Following oral infection in guinea pigs the lymphatic spread 
of pseudotuberculosis was evidenced by abscessation of the 
submaxillary and parotid lymph nodes and lesions in the liver and 
spleen suggested a haematogenous spread. A few guinea pigs did 
not show involvement of parotid and submaxillary lymph nodes but 
lesions were present in the internal organs . Some showed 
involvement of superficial lymph nodes (precrural lymph nodes) 
with or without lesions at other sites.
Observations on the lymphatic spread of infection are further 
complicated by the macroscopic invisibility of the lymphatic 
system in normal guinea pigs. Variation in the distribution of 
lesions in the lymphatic system following pseudotuberculosis
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infection in guinea pigs, in addition to other factors, can 
perhaps be attributed to plasticity of the lymphatic system in 
this species. In the present study it was difficult to 
demonstrate the presence of C^ _ pseudotuberculosis in blood 
following oral infection due either to an insufficiently 
sensitive technique or incorrect timing of the collection of 
blood samples. There was overwhelming indirect evidence that 
bacteraemia did occur following oral infection , as revealed by 
the localization of the organism at sites inoculated with foreign 
substances within 2 hr following oral infection (chapter 6).
Intramuscular inoculation of foreign substances into the hind 
limbs of guinea pigs, within 2 hr of oral or i/p infection, 
resulted in localization of pseudotuberculosis at these sites. 
Of the four substances used in the present study: calcium 
chloride induced an acute inflammatory response while incomplete 
Freund's adjuvant produced a progressive swelling at the site 
with marked abscessation. These two agents frequently resulted in 
secondary localization of the organism, while the mixture of sand 
and glass and Tween saline produced a mild swelling and only 
occasionally cause secondary localization of the organism.
Calcium chloride is frequently used in experimental 
clostridial infections to promote necrosis and enhance 
multiplication of the organism locally. The presence of
ionizable salts of calcium in the wound may contribute not only 
to tissue necrosis but also to activity of the clostridial 
toxins. Enhanced growth of C_^  pseudotuberculosis at sites 
inoculated with heterologous protein, liquid paraffin, or 
thioglycollate prior to challenge in mice have recently been 
reported (Batey, 1986a).
Mechanisms involved in secondary localization are not known 
but factors such as the form in which microorganisms are carried 
in blood, the activity and histological distribution of cells of 
the reticuloendothelial system and the nature of the vascular bed 
in the organ, no doubt play an important role (Mims, 1987). Most 
of the foreign substances used in the present study induce 
inflammation or substantial cellular response at the inoculated 
site and might have resulted in arrival of the bacteraemic 
organisms as free bacteria or within the phagocytes.
Excitation of a latent infection, followed by invasion 
of the blood stream and secondary localization of the 
bacteraemic organisms is observed in a number of 
bacterial diseases of veterinary importance 
e.g. Clostridium chauvoei is known to be a normal 
inhabitant of the intestine and tissues of animals and 
black leg caused by this organism is the result of the 
activation of latent spores, deposited after having been 
transported from the intestine via the circulation
(sometimes the organism is finally harboured in the 
liver). The triggering factor in this disease is 
believed to be bruising of the hind quarters in cattle. 
Similarly the spores of Clostridium novyi may be found 
in soil (Seddon and Edgar, 1930) and if ingested by 
grazing animals reach the liver and spleen, where they 
remain innocuously for nine months or more (Turner, 1938 
a,b). Damage to the liver, usually by immature liver 
flukes, permits germination of spores, growth of 
vegetative cells and subsequent production of toxin, 
resulting in lesions typical of infectious necrotic 
hepatitis (black disease) (Bagadi, 1974).
Liver abscesses in fattened beef cattle are caused by 
the entrance of Fusobacterium necrophorum to the liver 
via the portal circulation from inconspicuous primary 
ruminal lesions (Langworth, 1977; Takeuchi et a 1. , 
1984). However beef cattle with focal lesions in the 
rumen are not always affected with liver abscesses. 
Reproduction of liver abscesses needs special 
experimental treatment and a considerable dose of F. 
necrophorum, suggesting that predisposing factors may 
participate in spontaneous liver abscess formation. 
Recently Nakajima et al., (1987) showed experimentally 
that coli endotoxin acts as a trigger for hepatic 
infection of rabbits with F^ _ necrophorum. The necrosis 
observed in the liver of rabbits was attributed to a
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1 uni-visceral Schwartzman" reaction.
There is some doubt as to the method by which C. 
pseudotuberculosis gains entry into animal tissues to cause 
abscesses in lymph nodes and other internal organs. The generally 
accepted hypothesis suggests contamination of skin wounds 
inflicted on sheep and Angora goats during shearing , ear 
cutting, tagging and castration followed by extension to the 
regional lymph nodes and sometimes beyond. Dairy goats are 
thought to be infected by ingestion from a contaminated 
environment or contamination of head injuries sustained during 
head butting. In both the species generally large superficial 
lymph nodes are involved and recently there has been increasing 
recognition of a visceral form of caseous lymphadenitis.
Seddon (1929) considered that the internal lesions in caseous 
lymphadenitis of sheep were the result of haematogenous spread of 
infection. This view was supported by experimental C. 
pseudotuberculosis infection in sheep: following application of 
broth culture to a freshly shorn area of the skin, both lymph 
node and pulmonary lesions were shown to develop concurrently, 
suggesting that the latter arose from a simultaneous infection of 
the blood stream (Naim and Robertson, 1974). It seems that in 
CLA excitation of latent infection in abscesses in superficial 
lymph nodes or other internal organs or lymph nodes (resulting 
from the previous exposure) may also cause invasion of the blood
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stream and thus disseminated visceral lesions. Such a phenomenon 
can perhaps be implicated in the visceral form of the disease 
seen in "thin ewe syndrome" in the United States. Although data 
are unavailable, economic losses from this syndrome are thought 
to be sizeable. Bacteraemia resulting from the primary infection 
or excitation of a latent infection seems to play an important 
role in the visceral form of caseous lymphadenitis.
There is scanty information in the literature about animal 
models for studying secondary localization of bacteraemic 
organisms of veterinary importance. The pig has been used as an 
experimental model for bacterial endocarditis of man and a single 
i/v inoculation of Streptococci resulted in endocarditis in 50 
per cent of animals (Jones, 1972). Various experimental 
procedures have also been described in the literature for 
rendering the heart valves more susceptible to localization by 
the organisms. Recent observations of the relative resistance of 
pig platelets to the anti-aggregating property of prostacycline 
combined with low systemic fibrinolytic activity in this species 
perhaps explains their increased susceptibility to bacterial 
endocarditis (Dewar et al.,1987). Complex interactions of host 
factors, virulence of the organisms and other predisposing 
factors perhaps determine the secondary localization of 
bacteraemic organisms of any kind. The relationship, if any, 
between duration and extent of bacteraemia and subsequent 
localization has not been defined either by experimental or 
clinical evidence.
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The guinea pig model described here for secondary 
localization of C^ _ pseudotuberculosis can be adopted for other 
bacterial diseases in which metastatic lesions due to 
dissemination are important in pathogenesis of the infection.
7.3 CONTROL OF CASEOUS LYMPHADENITIS
The understanding of pathogenesis of and immunity to 
Corynebacterium pseudotuberculosis infection in small ruminants 
is still quite meagre so no effective control methods are 
available for caseous lymphadenitis. Managemental practices 
including environmental sanitation and surgery are only 
marginally successful in reducing the incidence of disease. Soil 
has been implicated in the epidemiology of the disease but 
attempts to isolate C^ pseudotuberculosis from soil samples 
collected from enzootic areas met with little success, though the 
organism has the ability to survive for long periods in soil and 
other fomites. It is not known if the organisms can proliferate 
in the environment.
The long incubation period and recurring nature of the 
disease, with clinically quiescent periods between the bouts of 
abscess formation, often makes it impossible to distinguish a 
carrier animal from the noninfected animals. Introduction of an 
infected animal into the flock under suitable conditions leads to
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an outbreak of the abscesses 2-3 years later. Once established 
the disease is difficult to eradicate.
Vaccination has been attempted in sheep and goats to control 
the incidence of caseous lymphadenitis. Earlier vaccines tested 
in sheep were killed bacterial suspensions incorporated in oily 
adjuvants or adsorbed on to aluminium phosphate. Most of these 
vaccines afforded some immunological protection against challenge 
but the immunity conferred was not absolute. The results of most 
of these experiments are difficult to evaluate because of the 
overwhelming challenge methods used. The lambs vaccinated with 
whole cells or cell walls and subsequently exposed to C. 
pseudotuberculosis, generally seemed to develop fewer pulmonary 
abscesses. The induction of immunity by killed vaccines is 
apparently difficult to modulate with adjuvants.
Naim et al., (1977) in Australia first found that sheep
receiving toxoid with adjuvants or toxoid and formalin- 
inactivated cells with adjuvant had better protection than 
animals which received washed formalin-inactivated cells with 
adjuvant. Toxoid vaccine is commercially available in Australia 
as "Glanvac" and widely used in the field. There are no published 
reports on the efficacy of this vaccine in reducing the incidence 
of disease in Australia. Experimentally many workers in the 
United States have observed a reduced incidence of disseminated 
abscesses in toxoid vaccinated sheep and goats. However,
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conflicting results have been obtained by others and Cameron and 
Bester (1984) reported that whole cell vaccine gave better 
protection than the commercially available toxoid (Glanvac).
Killed vaccines are believed to be, in general, the least 
efficacious in imparting protection against the diseases caused 
by facultative intracellular bacteria. The killed vaccine induces 
specific antibody, allowing opsonization and may also result in 
some non specific stimulation of the resident macrophage 
population. This is in sharp contrast to the highly effective 
immunity observed following a sublethal dose of virulent 
organisms or the corresponding attenuated strain. A cell mediated 
antimicrobial response produced by a living organism and mediated 
by "T" lymphocytes and the activated macrophages has increased 
potential to kill intracellular bacteria at an enhanced rate 
compared to that produced by a killed vaccine (Collins and 
Campbell, 1982)
A good live vaccine should be avirulent in all possible host 
species, side effects should be minimal or absent, should have 
good immunogenicity, if attenuated should not easily revert to 
wild type, should be readily distinguishable from the wild strain 
from which it is derived and should not produce a lasting lesion 
at the vaccination site. Vaccines prepared from an attenuated 
strain of pseudotuberculosis (obtained by repeated in vitro 
passage) have been observed to evoke an effective immunity in 
mice against C. pseudotuberculosis but the residual lesions these
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cause at the vaccination site would be unacceptable in sheep and 
goats. There is also an unconfirmed suggestion that a field 
strain, only marginally attenuated by culture can, if given in 
doses too small to produce progressive infection, evoke 
sufficient immune response to afford protection from 
intracutaneous challenge.
In the present investigation it was observed that the double 
antibiotic resistant mutant (1100 E+S) elicited a slightly 
reduced response at the inoculation site as compared to the 
parent strain: perhaps the acquisition of antibiotic resistance 
has affected the organism's ability to induce a vigorous local 
response. Development of streptomycin resistance appears to be 
frequently associated with some degree of attenuation in 
Mycobacterium tuberculosis (Collins,1972). Further transfer of 
the antibiotic resistant pseudotuberculosis mutant in medium 
containing antibiotic might allow us to obtain a strain of C. 
pseudotuberculosis which causes minimal lesions at the 
inoculation site but imparts an effective immunity to the host. 
The application of new recombinant DNA techniques allows for the 
development of genetically stable mutants, thus rendering the 
main concern in the use of live vaccine, namely reversion of 
attenuated strains to virulence, obsolete.
Since the more conventional approaches for controlling CLA 
have proved to be of marginal value, alternative strategies for
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controlling this infection in small ruminants have also been 
explored. One such approach is the possibility of identifying and 
eliminating genetically at risk individuals from a population 
using a lymphocyte antigen typing system. Augustine (1984) showed 
a relationship between certain ovine lymphocyte antigens (OLA) 
alleles and predisposition to either or both superficial and 
visceral forms of the disease. Further investigation on a genetic 
basis of susceptibility to caseous lymphadentis of sheep and 
goats forms a promising avenue for future research.
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CHAPTER 8 
FUTURE CONSIDERATIONS
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FUTURE CONSIDERATIONS
It may now be useful to summarize areas in which the present 
work can be seen to point to further study, together with some 
suggestions as to the directions such studies might take.
(a) At least two aspects of the present work are at a stage where 
they can be directly taken up in sheep or goats. The guinea pig 
bacteraemia/secondary localization experiments are ready to be 
repeated in natural host species (sheep or goats). It needs to be 
investigated whether secondary localization occurs in sheep and 
goats or if it is a phenomenon seen only in laboratory animal 
experimentation.
The second aspect, concerning the apparent failure of 
challenge doses to disseminate from the inoculation site or the 
elimination of challenge organisms from secondary infection 
sites, as observed in experiments with previously infected guinea 
pigs, also warrants further research. The observation needs 
first to be substantiated more fully by further experiments 
initially in guinea pigs and later, if possible, in the natural 
host species. If the phenomenon is confirmed, its mechanism could 
be investigated by infecting groups of animals (laboratory 
animals or natural hosts) and monitoring the onset of antitoxic 
immunity and cell-mediated immunity associated with the 
development of an ability to inhibit dissemination of the 
organism from reinfection sites. Antitoxic immunity could be
determined by a synergistic haemolysis test or the staphylococcal 
betahaemolysin test or an enzyme linked immunosorbent assay and 
the cellular immunity can be evaluated by the lymphocyte 
transformation test or by skin testing (delayed type 
hypersensitivity). This would also help us to understand why 
previous exposure to infection does not prevent abscess formation 
at the challenge site.
(b) Polymorphonuclear leucocytes are present at both the primary 
and challenge sites in experimental pseudotuberculosis 
infection in guinea pigs. They may engulf the invading bacteria, 
but do not always protect the host from progression of the 
disease (abscess formation at the site). It has been suggested 
that virulence factors (toxic lipids and exotoxin) of C. 
pseudotuberculosis might be preventing the normal function of 
PMN. This could be established first by determining the effects 
of pseudotuberculosis infection on functions and metabolic 
activities of the PMN (both in guinea pigs and sheep) by using 
in vitro techniques including the luminol dependent 
chemiluminescence and leucocyte bactericidal assays. The former 
is an indirect and highly sensitive method of detecting oxygen 
radical formation during the phagocytic event. The latter 
involves mixing of standardized suspensions of the PMN and 
bacteria: at specific times the samples are collected from the 
mixture and cultured; if the bacteria are killed then there is a 
decrease in cfu with increasing time. This assay provides 
accurate and direct assessment of PMN killing capacity.
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If PMN functions are altered in infected animals the relative 
role of exotoxin and cell wall lipids could then be investigated. 
However, caution must be exercised while interpreting data 
obtained from in vitro assays. Culture methods for PMN may not 
necessarily simulate the in vivo environment; furthermore, 
laboratory grown organisms or their purified products to be used 
in the assays might not necessarily emulate the organisms 
multiplying in animal tissues. It is believed that toxin is not 
produced in large quantities in CLA affected animals, or at least 
released slowly from the lesions in the circulation, since 
naturally infected animals rarely if ever show toxaemic symptoms.
(c) The suggestion that.cell mediated immunity is compromised in 
CLA affected goats (Hedden et al.,) needs corroboration, and 
further investigation. It would be possible to study the 
different "T" cell populations (suppressor cells, helper cells) 
in C^ pseudotuberculosis infected animals. Such an investigation 
could be fruitfully done first in laboratory animals where 
reagents (monoclonals) for studying the subpopulation of "T" 
cells are available. In natural hosts compromised cell mediated 
immunity could be established by monitoring the delayed type 
hypersensitivity responses to di-nitro-chlorobenzene or di-nitro- 
fluorobenzene in infected and control animals over a stipulated 
period.
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(d) Killed vaccines induce only a marginal protection against C. 
pseudotuberculosis infection. It has been known for some time 
that bacterins are substantially less efficacious than live 
attenuated vaccines in preventing diseases caused by facultative 
intracellular bacteria. Live vaccines have not been tried against 
caseous lymphadenitis. Attenuated strains of C. 
pseudotuberculosis obtained by conventional or recombinant DNA 
techniques must be evaluated first in laboratory animals and then 
in natural host species for the protection evoked in the host. A 
judicious selection has to be made of a strain combining minimal 
pathogenicity and maximum immunogenicity. Recently it has been 
shown that attenuated strains of Listeria monocytogenes generally 
have epitopes for stimulating "T" lymphocytes in vivo, but vary 
in their ability to persist in mouse tissue. Strains which 
persist for a long time in the body appear to induce a more 
effective immunity in the host. This should be investigated in C. 
pseudotuberculosis.
(e) The distinction between the visceral form and the cutaneous 
form of CLA would seem to be artificial and misleading: they are 
only stages in the same infection process. A suggestion arising 
from the present study is that an exogenous infection may not 
always be required to produce purulent lesions at the sites of 
injuries previously inflicted during shearing. The existence of a 
latent infection (perhaps an abscess in internal organ or lymph 
node) might be accompanied by a low grade bacteraemia (which
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could be exacerbated by trauma, or handling of the animal) and 
might be followed by secondary localization at the site of tissue 
damage.
(f) The genetic basis, if any, of susceptibility to caseous 
lymphadenitis (as suggested by Augustine,1984) should be 
examined. The organization of such a study would be a feat 
involving a considerable challenge, since it would require a 
multidisciplinary approach involving veterinary epidemiologists 
and animal geneticists working in close collaboration.
One final recommendation may not be out of place as this 
thesis is drawn to its close. Any work depending, as in this 
case, on the use of experimentally infected animals, is likely to 
use a few more of such animals than would be anticipated at the 
planning stages, when experience has yet to be obtained and the 
extent of biological variation in the system is unknown. For this 
reason, therefore, wisdom must be exercised in estimating, in 
advance, that the supply of laboratory animals (or the natural 
host, if that is to be used) will be adequate and more than 
adequate for whatever contingencies may arise. If, as in the 
present work, such supplies prove insufficient, then the worker 
may perhaps console himself with the opportunity afforded for 
learning the virtues of frugality.
APPENDIX I
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Fortsetzung- der Ulittheilungen Uber ein Heilmittel gegen Tuberculose.
You P rofessor R . K ocli, B erlin .
N a c h d ru c k  ia t  n u r  u n te r  vollst& ndlger A n g a b e  d e r  Q u e lle  g e s t a t t e t .
Seit iler vor zwei Monaten erfolgteo VerOffentlichung (cf. diese 
Wochcnschr. 1890, No. 4 6a) meiner Versuche mit einem neuen Heil- 
verfalircn gcgen Tuberculose habeu viele Aerate das Mittel erhslten 
und sind dadurch in den Stand gcsetzt, sich durch eigene Ver- 
suclie mit deu Eigeoschaftcn dcsselben bekanut zu macbeu. So 
wcit ich die bisher hieruber erschienencn Publicationcn und die an 
mich gelangten briefiichen Mittheilungen ubersehe, haben meine 
Angaben im grossen und ganzen voile Bestfitigung gefuodcn. Da- 
rfibcr, dass das Mittel eine specifische Wirkung auf tuberculoses 
Gewebe ausfibt und infoigedessen ais cin sebr feines und sicheres 
Ueagens zum Nachweis versteckter und zur Diagnose zweifelhafter 
tuberculOser Processe verw crtbet werden kann, ist man wohl all* 
gemein einig. Auch in Bezug auf die Heilwirkung des Mittels 
wird von den meisten berich te t dass trotz der verb&ltnissmfissig 
kuracn Dauer der Cur bei vielen Kranken scbon roebr oder weni- 
gcr weitgebeude Bcsserung eingetreten i s t  In nicbt wenigen Fallen 
soil, wie rair berichtet wurde, selbst Heilung erzielt sein. Nur ganz 
vereinzelt ist behauptot, dass das Mittel nicht allein bei zu weit 
vorgescbrittenen Fallen gefahrlicb werden kOnne, was man ohne 
weiteres zugeben wird, sondern dass es den tuberculOsen Process
gerndezu befOrdere, also an und ffir sicb schfidlich sei. Ich selbst
babe seit anderthalb Monaten Gelegenbeit gehabt, an etwa 150 
Kranken mit Tuberculose der verschiedensteo A rt im stldtiscben 
Krankenbaus zu Moabit weitere Erfahrungen fiber die Heilwirkung 
und die diagnostische Verwenclung des Mittels zu sammein, und 
kann nur sagen, dass alles, was ich in letzter Zeit gesehen habe, 
mit meinen fruheren Beobachtuogen im Einklang s te h t und dass 
ich an dem, was ich frfiher bericbtete, nichts zu ind en t habe.1)
So lange es nur darauf ankam, meine Angaben auf ibre Rich* j 
tigkeit zu prfifen, war es nicht erforderlich zu wissen, was das i 
Mittel entbfilt und woher es stam m t Es musste im Gegentbeil die ! 
Nachprfifung um so unbefangener ausfallen, je  weniger von dem ! 
Mittel selbst bekannt war. Nachdem nun aber die Nachprufung, i 
wie. m ir scheint, in hinreicbeodem Maasse stattgefunden and die Be* |
dcutung des Mittels ergeben h a t  wird es die nichste Aufgabe sein, ‘
das Mittel auch fiber den bisherigen Bcreich der Anweodung hin- 
aus zu studiren und womOglich die Principien, welche der Ent- 
dcckung desselben zu G rande liegen, auch auf andere Krankheiten 
anzuwenden. Diese Aufgaben verlangen selbstverstindiieh die voile 
Kcnntniss des Mittels, und ich balte deswegen den Zeitpunkt fur 
gekommen, .dass nach dieser Richtung bin die erforderiicben An­
gaben gemacht werden, was in Folgcndem gescheben solL
Ehe ich auf das Mittel selbst eingebe, halte ich es zum besse- 
ren V erstindniss der Wirkungsweise desselben fur geboten, ganz 
kura den Weg anzugeben, auf welehem ich zur Entdeckung desselben 
gekommen bin.
jC ^^W enn  man ein gesundes Meerscliweinchen mit eincr Reincultur 
von Tuberkelbacillen im pft dann verklebt in der Regel die Impf- 1 
wunde und scheint in den eraten Tagen zu verbeilen; erst im Lnufe von 
10— 14 Tagen entsteht ein hartes KnOtcben, welches bald aufbricht 
und bis zum Tode des Thieres cine ulcerirende Stelle bildet. Aber
') In Bezug auf die Dauer der Heihing mochte ieb hier anfubren, dass 
rou deu Kranken, welcbe von a i r  vorliufig als gebeilt bezeicbnel wares, 
zwei in das Krankenbaus Moabit zur weitsren Beobachtuag wieder auf* 
genommen sind, und dass sieb seit drei Monaten keine Baeillen im Sputum 
gezeigt haben; auch die pbysikaliseben Symptoms sind bei denselben all* 
mihlieh vollkommen verschwunden.
ganz anders verbfilt es sicb, wens ein bereits tuberculOs erkranktes 
Meerschweinchen geimpft wird. Am beaten eignen sich hierzu 
Tbiere, welche 4 —6 Wochen vorber erfolgreich geimpft warden. 
Bei einem solchec Thier verklebt die kleine impfwunde auch an* 
fangs, aber es bildet sich kein KnOtchen, sondern scbon am o&chsten 
oder zweiten Tage tr itt eine eigenthfimliche V eranderang an der 
Impfstelle ein. Dieselbe wird ha rt und nimmt eine dnnklere F ir -  
bung an, und zwar beschrankt sich dies nicht allein auf die Impf­
stelle selbst, sondern b reitet sich auf die Omgebung bis zu einem 
Durchmesser von 0 ,5— 1 cm aus. An den nllcbsten Tagen stellt 
sich dann imrner deutlicher heraus. dass die so verinderte  Haut 
nekrotisch i s t  sie wird scbliesslich abgestossen, und es bleibt dann 
eine flacbe Ulceration zurfick, welcbe gewOhnlich scbnell und dauernd 
h e ilt obne dass die benachbarten Lymphdrfisen inficirt werden. 
Die verimpflen Tuberkelbacillen wirken also ganz anders auf die 
Haut eines gesunden, als auf diejenige eioes tuberculOsen Meer- 
schweinchens. Diese auffallende W irkung kora rat nun aber nicht 
etwa ausschliesslich den lebenden Tuberkelbacillen zu, sondern findet 
sich ebenso bei den abgetOdteten, ganz gleich, ob man sie, wio ich 
es anfangs versuchte, durch niectrlge Teraperaturen von U ngerer 
Dauer, oder durch Siedehitze, oder d u rch . gewisse phem ikalien ' zum 
Absterben gebracht h a t ^
Nachdem diese eigN thfim licbe Thataacbe gefunden w ar, habe 
icb sie nach . alien Ricbtnngen hin w eiter verfolgt und es ergab 
sicb dann w eiter, dass abgetOdtete Reincultnren von Tuberkel­
bacillen, nachdem sie verrieben und im Wasser aufgescbwem raf-sind, 
bei gesunden Meerschwetncben iu grosser Menge unter die H ant ge- 
spritzt werden kOnnen, ohne dass etwas anderes als .eine locale 
E iternng entsteht. •) Tuberculose Meerschweinchen w erden dagegen 
scbon durch die Injection too sehr geringen Mengen solcher aufge- 
schwemmten Gulturen getOdtet und zwar je  nach der angewendeten 
Dosis innerbalb von 6—48 Stnnden. Eine Dosia, w elcbe' eben nicht 
mehr au sre ich t um das Tbier zu tOdten, kann eine ansgedehnte 
Nekrose der Haut im Bereich der Injectionsstelle bewirken. Wird 
die Aufscbwemmung nun aber noch weiter verdfinnt so dass sie 
kanra sich tbar getrfibt i s t  dann bleiben die Thiere am Lebed, und 
es t r i t t  wenn die Injectionen mit ein- bis zweiUgigen Pausen fort- 
gesetzt werden, bald eine merkliche Besserung im Zustande der- 
selben ein; die ulcerirende Impfwunde verkleinert sich and vernarbt 
scbliesslich, was obne eine derartige Bebandlung niemals der Fall ist: 
die geschwollenen Lymphdrfisen verkleinern sich; der ErnShrangsza- 
stand wird besser, und der K rankbeitsprocess kom m t wenn e r nicht 
bereits zu weit vorgeschritten ist und das Tbier an Entkrfiftung zu 
G rande g e h t zum Stillstand.
Damit war die G randlage fur ein Heilverfabren gegen Tuber­
culose gegeben. Der praktischen Anwendung solcher Aufscbwem- 
mungen von abgetOdteten Tuberkelbacillen stellte sich aber der Um- 
stand entgegen, dass an den Injectionsstellen die Tuberkelbacille; 
nicbt etwa resorbirt werden oder in anderer Weise verscbwindcn 
sondern uoverfindert lange Zeit liegen bleiben und kleinere «<!•- 
grOssere Eiterherde erzeugen.
Das, was bei diesem VeTfahren heilend auf den tuberculOsen Pro 
cess w jrk t musste also eine lOsliche Substanz sein, welcbe von d r  
die Tuberkelbacillen umspfilenden Flfissigkeiten des KOrpers gewisser
') Dsrartige Injvetionvn gehoran zu dan aiofachstan und sieharsti 
Mitteln, um Eiterungan zu arzeugan, vrelcba frai voo labandan Bactarian sir.
5f*See E n g l i s h  t r a n s l a t i o n  on page 2 9 6
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m aassen ausgelaug t und ziem lich  schnell in den Sfiftestrom uberge- j 
ffibrt w ird , w fibrend das, w as eitererzeugend w irk t, anscheinend in j 
. den T nberkelbacillen  zu ru ck b le ib t oder doch n u r sebr lnngsam in j 
LOsung geht.
Es k&m also lediglicb d arau f an, deu im KOrper sicb ab- j 
sp ielenden  V organg auch  ausserhalb  desselben durchzufuhren und ! 
womOglich die heilend  w irkende S ubstanz fur sich allein  aus den { 
Tuberkelbacillen  zu ex trab iren . Diese A ufgabe h a t viel Muhe und ' 
Zeit beans prucht, bis es m ir endiich  gelang, m it Hulfe einer 40 bis j 
5 0 % ig e n  GlycerinlO suug die w irksam e S ubstanz aus den Tuberkel- * 
bacillen zu erh a lten . So gew ounene F lussigkeiten  sind es gewesen, ; 
m i t  denen ich d ie  w eiteren  Versuche- an T hieren  und schliesslich 
am M enschen  gem ach t habe , un d  w elche zu r W iederbo lung  d erV er- j 
s u c b e a n  andere  A erz te  abgegeben sind. |
" D a s  M i t t e l ,  m i t  w e le h e m  d a s  n e u e  H e i l v e r f a h r e n  I 
g e g e n  T u b e r c u l o s e  a u s g e u b t  w i r d ,  i s t  a l s o  e in  G ly c e r i n -  
e z t r a c t  a u s  d e n  R e i n c u l t u r e n  d e r  T u b e r k e l b a c i l l e n .
-In das einfache E x tra c t gehen aus den T uberkelbacillen  natu r- 
l ic h .n e b e n  d e r  w irk sam e a  S ubstanz auch alle fibrigen in 50°/o 
G lycerin lOslichen Stoffe ab e r, und  es finden sich  deswegen darin  
eine gewisse M enge von M ineralsalzenj f&rbende Substanzen und 
andere unbekann te  E x tractivsto ffe . E inige dieser Stoffe lassen sich 
ziem lich le ich t d araus  en tfernen . D ie w irksam e S ubstanz ist n lm - 
lich  unlOslich in abso lu tem  A lkohol und kann durch denselben, 
allerdings- n ich t re in , sondern  iram er noch in V erbindung m it anderen  
ebenfalls in  A lkobol unlO slicben Extractivstoffen ausgef&llt w erden. 
Auch die Farbstoffe lassen sich beseitigen , so dass es mOglicb ist, 
aus dem E x tra c t eine farb lose trockene Substanz zu erhalten , w elcbe 
-das w irksam e P rincip  in  viel concen trirte re r F orm  enth&lt, als die 
u n p rfing liche  GlycerinlO sung. F u r  die A nw endung in der Praxis 
: b ie te t diese R einigung des G lycerinextractes indessen keinen V ortbeil, 
w eil d ie -so -en tfe rn te n  Stoffe fQr den m enscblichen O rganism ns in­
different s ind , un d  also d e r Reinigungsprocess das Mittel n n r un- 
nO thigerweise ▼ ertheuem w urde.
D eber die C onstitu tion  der. w irksam en S ubstanz lassen sich 
Torl&uffg n u r V erm uthungen aussprecheu . D ieselbe schein t m ir ein 
D erivat von Eiw eisskO rpern zu sein  und  diesen nah e  zu  steben, ge- 
bOrt aber n ic b t zu r G rnppe d e r  sogenannten  Toxalbum ine, da sie 
hohe T em peratu ren  ertr&gt- u n d  im D ialysa tor le icb t nnd schnell 
durch- d ie .M em bran: g e n t  D as im  .E x trac t vorhandene Q uantum  
der S ubstanz is t a llem  A nscheine nach  ein seh r geringex; ich scb&tze 
es au f-B ruch tbeile  .e in e s  P rocen ts. . W ir w arden  es, wenn meine 
- -Voraussetzung rich tig  i s t  also m it einem  Stoffe zu tbuu  haben, 
.dessen W irksam keit au f  tuberculO s erk ran k te  O rganism en w eit aber 
d a s  biu'ausgeht, was uns von den  am  st&rksten w irkenden Arznei- 
stoffen bek an n t i s t  
- U eb e r  die A rt und W eise, w ie w ir uns die specifische W irkung 
-  des ^Mittels an i das tubercu lo se  G ew ebe vorzustellen hab en , lassen 
-'sicb selbstverst& ndlich versch iedene H ypothesen  aufstellen . Ich stelle 
m ir, obne bebaup ten  zu  w ollen , dass m eine A nsich t die beste E r- 
• M in in g  a b g ie b t den V organg folgenderm aassen  vor. Die T uberkel­
bacillen  produciren  bei ibrem  W achsthum  in den lebenden Geweben 
ebenso wie in den  kunstlichen  C ultu ren  gewisse Stoffe, w elche die 
lebenden E lem ente ih re r  D m gebung, die Z e llen , in verschiedener
W eise und /.w ar nachthcilig  beeiudussuu. D urunter befiudet sich 
ein Stoff, w elcher in einer gewissen Concentration lebendes Proto- 
plasm a tOdtet und so versindert, dass es in den von W e ig e r t  als 
C oagulationsnekrose bezeiclincten Z ustand iibergefuhrt wird. In 
dem nckrotisch  gew ordencn G ew ebe tindet der Bacillus dann so 
ungunstige E rnO hrungsbedingungen, dass er n ich t w eiter zu wachscu 
vcrm ag, u u te r  U m staudeu se lbst schliesslich abstirb t. Auf diese 
W eise erklfire ich m ir die auffalieudc E r.scheinuug, dass man iu 
frisch tuberculO s e rk ran k ten  O rgauen, z. B. in der von grauen 
KnOtchen durcbsetz ten  Milz oder L e b er eines M eerschw cincbens, zahl- 
reiche B acillen findet, w&hrend le tztere  selten sind  oder g a r fehlen. 
wenn die colossal vergrOsserte Milz fast ganz aus w eisslicher, im 
Zustande d e r  C oagulationsnekrose behn d lich er Substanz besteh t, wie 
man es h&ufig beim uatu rlichen  T ode tuberculG ser M eerschweinchen 
hndet. A uf grosse E n tfe rn u n g  verm ag  der einzelue Bacillus des­
wegen auch n icb t N ekrose zu b ew irken ; d en n , sobald die Nekrosc 
eine gew isse A usdebnung e rre ich t h a t ,  n im m t das W achsthum  des 
Bacillus und  d am it die P roduction  d e r  nekro tis irenden  Substanz ab, 
und  es tr i t t  so eine A rt von gegenseitiger Com pensation ein, welche be- 
w irk t, dass die V egetation vereinzelter B acillen eine so auffallend be- 
s c h rin k te  b le ib t, wie z. B. beim  L upus, in  scrophulOsen Drusen u. s. w. 
In solcbem  F a lle  ers treck t sicb die N ekrose gewOhnlich n u r  a b e r einen 
T heil e iuer Zelle, w elcbe dann bei ihrem  w eiteren W achsthum  die eigen- 
thum liche F orm  d e r  R iesenzelle anu iraro t; ich folge also iu d ieser Auf- 
fassung der zu e rs t von W e ig e r t  gegebenen E rk la ru n g  von dem 
Z ustandekom m en d er R iesenzellen.
W urde man nun kunstlich  in d er U m gebung des Bacillus deu 
G ehalt des G ew ebes an  nek ro tis iren d er S ubstanz steigern, dann 
w urde sicb die N ekrose au f eine grOssere E n tfernung  ausdehnen, und 
es w urdeu sich d am it die E rnahrungsverb& ltnisse fur den Bacillus 
viel ungunstiger gesta lten , als dies gewOhnlich der F a ll ist. Theils 
w nrden alsdann  die in grOsserem D m fange nekrotisch  gew ordenen 
G ew ebe zerfallen , sich ablOsen n o d , wo dies mOglicb is t, die ein- 
gescblos8enen B acillen m it fortreissen und nach aussen befOrdern; 
the ils  w arden  d ie  B acillen sow eit in ih re r  Vegetation gestOrt, dass es 
viel eher zu einem  A bsterben  derse lben  kom m t, als dies unter 
gewObnlichen Verh&ltnissen geschiehL
G erade in dem  H ervorru fen  so lche r Ver&nderungeu schein t mir 
nun die W irkung  des M ittels zu  bestehen . Es en thS lt eine gewisse 
M enge d e r  nekro tisirenden  S ubstanz , von w elcher eine entsprecbend 
grosse D osis aucb beim  G esunden bestim m te G ew ebselem ente, viel- 
le ich t die weissen B lu tkO rpercben, oder ihnen nahestehendc Zellen 
scb&digt un d  d am it F ieb e r und den ganzen eigenthum lichen Sym p- 
tom encom plex bew irk t. Beim TuberculO sen genugt ab e r schon eine 
seb r viel geringere M enge, um  an bestim m ten  S te llen , nam lich da, 
wo T uberkelbac illen  vegetiren  und b ere its  ih re  D m gebung m it dem - 
selben nekro tisirenden  S toff im prS gn irt h a b e n , m ehr oder w eniger 
ausgedebn te N ekrose von Zellen n eb s t den  d am it verbundenen  F olge- 
erscheinungen fu r den G esam m torganism us zu veraa lassen . A uf 
solcbe W eise l&sst sicb , w enigstens vorl&ufig, ungezwungen d e r  speci- 
fische E influss, w elchen das M ittel in  ganz bestim m ten Dosen auf 
tuberculoses G ew ebe au sh b t, ferner d ie M Oglichkeit. m it diesen 
Dosen so auffallend schnell zu steigen, und  die u n te r n u r einiger- 
m aassen gunstigen  V erbfiltnissen u n v e rk en n b a r vorhandeue H eilw ir­
kung des M ittels erkl&ren.
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Koch,R. (1891) Further communication about a treatment for 
tuberculosis.
If a healthy guinea pig is inoculated (vaccinated) with a pure 
culture of tuberculous bacilli, the area of inoculation usually 
closes over and appears to heal within the first few days. It is 
only after 10-14 days that a hard nodule develops, rupturing soon 
thereafter and forming an ulcerated area right up to the death of 
the animal.
A completely different picture is observed when a guinea pig, 
already suffering from tuberculosis is inoculated. For this 
purpose, animals, which have been successfully inoculated 4-6 
weeks prior to this inoculation are most suitable. Initially, the 
area of inoculation in these animals become sticky, too. However, 
instead of nodule formation, a characteristic change is observed 
at the site of inoculation as early as one or two days subsequent 
to inoculation. This "change" becomes hard, adopting a dark 
colouration, and is not only confined to the area of inoculation 
but spreads into the surrounding area, eventually having a 
diameter of 0.5-1 centimeters. It becomes even more evident 
during the following days that the changing skin is indeed 
necrotic. The affected skin is eventually repelled, leaving a 
shallow ulceration behind, which usually exhibits rapid and 
lasting healing without causing infection of neighbouring 
lymphnodes. Hence, inoculation with tuberculosis bacilli affects 
the skin of healthy guinea pigs in a completely different way to 
inoculation of tuberculoid guinea pig. However, this conspicuous
296
effect may not only be attributed to live tuberculosis bacilli, 
regardless of the means by which the bacilli may have been 
killed, such as prolonged exposure to low temperature, boiling, 
or by various chemical treatments.
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C. ovis (guinea pigs) POST MORTEM FINDINGS
Experiment Number
Ref. No. of guinea pig . Date of challenge
Date of infection^   Date Died/Killed
Route of infection
— ------
Dose of infection Material preserved:-
Serum
LUNGS,
ventralLIVER, ventral
LUNGS,
dorsal
LIVER, dorsal
SPLEEN, ventral
C. ovis (guinea pigs) POST MORTEM FINDINGS
LIVES, -'eacrli
LIVES, v.ncrii
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APPENDIX III
STUDIES ON SKIN TESTING IN PSEUDOTUBERCULOSIS INFECTED GUINEA
PIGS
Doube skin fold thickness (mm) Remarks
A
Guinea Antigen Hours post intradermal inoculation
pig No. 0 20 27 44 51 70
^Sonicated 4.1 6.5 7.6 7.3 7.6 6.3 infected
I 8 weeks
■^ “Heat ext. 4.2 5.7 6.0 6.5 6.8 5.5 earlier
Sonicated 3.1 5.4 5.5 4.8 4.8 4.5 infected
II 4 weeks
Heat ext. 3.4 4.4 5.0 4.0 4.0 3.6 earlier
Sonicated 3.4 5.1 5.6 5.5 5.6 4.8
III -do-
Heat ext. 3.4 4.9 5.4 5.2 5.1 4.5
Sonicated 3.6 5.1 5.6 5.3 5.3 4.5
IV - do-
Heat ext. 3.6 4.2 4.8 4.6 4.5 3.6
Sonicated 3.5 5.1 5.4 5.6 _ _
V - do -
Heat ext. 3.6 4.2 4.3 4.0 - -
^Sonicated antigen: An overnight culture of C^ pseudotuberculosis
was harvested from the plates and washed 3 times with Tween
saline. A thick washed suspension of the organism was sonicated
fpr 20-30 minutes. Sonicated suspension was centrifuged and
supernatant was collected kept in a water bath at 75 C for 15
min. ( to inactivate any toxin in the preparation) filtered 
M.through a 0.2am filter and used for skin testing.
Heat extracted antigen: It was prepared by keeping a washed 
suspension of the organism in boiling water bath for one hour and 
then processing the supernatant as mentioned above 
(centrifugation and filtration).
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INTRADERMAL TESTS IN 4 WEEKS INFECTED GUINEA PIGS; sonicated & heat extr. antigens
m  thickness
I
i
!i
7 h
I
II
6 1i
S
4
3
hours if ter injection ° * o s oni ca t e<
0 U hea t  ext .
INTRADERMAL TESTS (SONICATED ANTIGEN) 4 WEEKS AND 8 WEEKS AFTER INFECTION
m  thiciness
8
7
6
S
4
3
hours after injection
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E x p e r i m e n t  N o . 2 Skin te s t i n g  in C_^  p s e u d o t u b e r c u l o s i s
infected guinea pigs.
Double skin fold thickness(mm)*
Hours post intradermal inoculat ion
Guinea 
pig N o . 
* *
SD
0
SO
24 
SD SO
48
SD SO
60
SD SO
7 2 
SD SO
96
SD SO
cage I 3 . 23 
±. 05
3.16
i . l l
4 .16 
A . 35
3 .83 
*.15
4.40
A . 20
4 . 13 
+ . 32
4 . 03 
± .28
3.83 
A • °5
4 . 03 
4 .30
3.66 
+ . 15
3.80 
A .43
3.60 
+ . 30
Cage II 3 .33 
+ . 21
3 . 30 
+ . 10
3 . 60 
i -17
3 .46 
± . 20
3.63 
A  • 23
3 . 53 
A . 23
3.46
4-21
3.50 
+ . 26
3 .63 
A  . 23
3 . 53 
A . 23
3 .33 
+ . 15
3.40
A .10
Cagelll 3 .66 
+ . 11
3.50 
Jk • 20
3 . 93 
*.11
3 .80 
4.10
3 . 90
4 .00
3 .83 
A - 15
3 . 70
4 . 10
3 . 70 
A  . 10
3 . 70
4 .10
3 . 70 
4.10
3 . 66
4  .15
3 . 66 
4.05
Cage IV 3.36 
A  .05
3 . 33 
4.05
4 . 13 
+ . 20
3 . 96 
+ . 32
4 . 33 
4.45
4.06 
4 .40
4 . 26 
4 • 68
4.00 
4 .43
4 . 23 
4.70
3.93 
A .37
4 .00 
+ . 36
3 . 73 
4.25
Cage V 3.40
A .10
3 .40 
A .20
3 . 83 
+ . 25
3 . 63 
+ .15
3 . 50 
+ .43
3.50 
4 .10
3 . 70 
4.43
3 . 53 
4-10
3 . 60 
4.36
3 . 50 
+ . 20
3 . 50 
A . 20
3.46 
4 .15
* All values are means SD) from three guinea pigs
** Cage I and Cage IV guinea pigs were administered 10® cfu orally 
three weeks earlier. Cage II and III guinea pigs were given 10® 
and 10® cfu respectively (by oral route) and Cage V guinea pigs 
were uninfected controls.
SD Sodium deoxycholate extracted antigen was prepared as described
by H a l l ,M R . and Thoen.C.O. (1986) Use of sodium deoxycholate 
to extract cell wall components of virulent Mycobacterium bovis 
American Journal of Veterinary Research 47 2572-2576.
SO Sonicated antigen was prepared as mentioned earlier.
304
APPENDIX IV
305
APPENDIX IV
Raw data for Figures deemed to be important in the text
Figure 4. Gluteal circumferences of guinea pigs infected with 
864 cfu of pseudotuberculosis in the left leg 
and unchallenged
Gluteal circumferences (mm) of guinea pigs
Days post infection NM 
left
(GP1) 
right
RH
left
(GP2)
right
RB
left
(GP3)
rig
0 day 65 65 65 63.50 65 63.50
2 days 72 65 73 63.50 66 62.50
5 days 88 65 87 63.50 87 62.50
7 days 94 65 87 63.50 95.50 63.50
9 days 99 63.50 87 65 99 65
12 days 101.50 66 82.50 65 100 66
14 days 101.50 67 72 67 97 67
16 days 83.50 67 79 67 95.50 67
19 days 95.50 67 75.50 65 94 63.50
21 days 102.50 66 74 66 95.50 67
26 days 93 67 81.50 68.50 72 69.50
28 days 91 67 80 67 72 69.50
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Figure 5. Gluteal circumference of guinea pigs infected with 
8.46 cfu of pseudotuberculosis in the left leg 
and unchallenged.
Days post Gluteal circumferences (mm)
infection NM (GP1) RH (GP2) RB (GP3)
left right left right left right
0 day 65 65 65 65 66 66
2 days 66 65 65 63.50 65 63.50
5 days 76.50 65 78 63.50 67 63.50
7 days 90 63.50 87 65 90 65
9 days 88.50 65 90 65 83.50 65
12 days 95.50 66 88.50 66 82.50 66
14 days 95.50 66 92 67 79 66
16 days 91 66 82.50 66 81.50 67
19 days 78 65 75 65 79 66
21 days 72 66 76.50 66 81.50 66
26 days 74 69.50 79 69.50 69.50 69.50
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Figure 7. Gluteal circumferences of guinea pigs inoculated in 
the left leg with 846 cfu of pseudotuberculosis 
and challenged in the right leg two weeks post 
infection
Days post Gluteal circumferences(mm) of
infection guinea pigs
NM (GP1) RH (GP2) RB (GP3
left right left right left right
0 day 65 63.50 66 65 65 65
2 days 73 63.50 73 63.50 71 63.50
5 days 87 63.50 83.50 63.50 83.50 65
7 days 94 65 93 65 90 63.50
9 days 100 66 95.50 66 93 66
12 days 99 66 83.50 65 85 66
14 days 94 67 79 67 87 67
16 days 83.50 69.50 75.50 69.50 81.50 69.50
19 days 83.50 66 72 67 86 67
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Figure 8 Gluteal circumferences of guinea pigs inoculated in 
the left leg with 8.46 cfu of pseudotuberculosis 
and challenged in the right leg two weeks post 
infection
Days post Gluteal circumferences
infection NM (GP1) RH (GP2) RB (GP3)
left right left right left right
0 day 65 63.50 62.50 65 65 65
2 days 65 63.50 65 63.50 65 65
5 days 71 65 75.50 63.50 69.50 65
7 days 88.50 62.50 85 63.50 78 65
9 days 95.50 66 100 65 85 66
12 days 87 65 98 65 91 65
14 days 88.50 67 107.50 66 90 66
16 days 90 75.50 102.50 67 92 68.50
19 days 87 67 101.50 67 94 68.50
21 days 83.50 68.50 105.50 69.50 105.50 69.50
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Figure 16.
Days p.i Gluteal measurements(mm) of guinea pigs
Cage I cage II
NM BH NM BH
L R L R L R L R
3 days 72 69.50 73 69.50 74 69.50 72 68.50
5 days 82.50 69.50 83.50 68.50 76.50 68.50 83.50 68.50
7 days 90 68.50 91 68.50 83.50 68.50 92 68.50
10 days 92 68.50 93.50 67 80 67 93.5 68.5
12 days 88.50 68.50 95.50 68.50 90 69.50 97 69.50
14 days 75.50 69.50 91 69.50 81.50 69.50 87 69.50
17 days 86 69.50 98 71 91 72 100 71
18 days 83.50 69.50 92 71 93 71 97 71
19 days 75.50 68.50 83.50 68.50 88.50 68.50 90 69.50
21 days 82.50 68.50 81.50 69.50 81.50 71 83.50 71
24 days 95.50 69.50 78 71
26 days 102.50 68.50 74 68.50
31 dys 82.50 71 78 71
L lef t  
R r ight
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Figure.18.
Gluteal measurements (mm) of guinea pigs
Cage I Cage II
NM BH NM BH
days
p.i
L R L R L R L R
3 days 67 67 68.50 66 72 67 69.50 i68.50
5 days 69.50 66 71 66 82.50 69.5 83.50 69.50
7 days 80 68.50 81.50 68.50 88.50 68.50 94 68.50
10 days 95.50 69.50 90 69.50 97 69.50 97 69.50
12 days 95.50 69.50 92 69.50 94 71 85 69.50
14 days 92 71 91 69.50 87 69.50 80 68.50
17 days 93 72 107.5 72 93 72 83.5 71
18 days 95.50 90 101.5 83.50 91 93 83.5 85
19 days 88.5 91 95.5 90 83.5 83.5 76.5 88.5
20 days 79 87 99 83.5 83.5 83.5 75.5 87
21 days 76.5 83.5 90 88.5 83.5 82.5 78 81.5
24 days 75.5 81.5 87 83.5
26 days 76.5 73 88.5 83.5
31 days 72 73 85 78
L lef t  
R nght
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Figure. 19.
Gluteal measurements of guinea pigs (MM) 
Cage I Cage II
NM BH NM BH
Days p.i L R L R L R L R
3 days 71 66 71 66 80 68.5 78 68.5
5 days 78 68.5 76.5 68.5 91 69.5 82.5 68.5
7 days 90 69.5 91 68.5 95.5 68.5 85 68.5
10 days 101.5 82.5 102.5 76.5 97 82.5 93 87
12 days 99 81.5 93 72 92 81.5 93 90
14 days 92 73 87 75.5
17 days 93 72 91 71
18 days 88.5 75.50 90 74
19 days 86.5 68.5 83 71
20 days 83.5 71 81.5 72
21 days 87 73 83.5 73
24 days 91 71 75.5 74
26 days 87.5 72 78 75.5
31 days 78 72 71 74
L lef t  
R r i gh t
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Figures 24 and 25.
Days Gluteal ci rcumference measurements of guinea pigs
p. i
Group 3 hr post challenge Group 3hr chal 1 enge control
NMCGP1) BH (GF‘2) NM(GP1 'i BH(GP2)
L R L R i_ R L R
M 6 6  67 63.50 67 6 6 67 67 6 6
t; 8 6  65 92 6 6 65 65 65 65
n; 93.50 6 6  90 6 6
7 82.50 67 98 67 6 6 67 6 6  67
1 0 81.50 6 6  87 67 6 6 6 6 6 6  6 6
1 2 87 6 6  87 6 6
14 87 6 6  37 67 67 &7 6 6  6 6
17 81.50 6 6  81.50 67 A~7 67 6 6  - 67
L Left leg
R right leg
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Figures 26 and 27.
days Gluteal circumference measurements (mm) o-f: guinea pigs
P- i
Group 40 hr post challenge Group 40 hr challenge control
NM(GPl) BH(GP2 > NM(GPl) BH (BP2)
i_ R ! R L R L R
0 67 67 67 60.50 65 6 6 67 65
.ji 9 3 6 6 93 6 6 6 6 6 6 65 6 6
5 101.50 6 6 91 6 6
7 101.50 67 99 67 A A 67 ■^A A 7
1 0 90 6 6 99 6 6 67 67 6 6  6 6
1 2 75 * 50 67 99 A 7
1 “4 7  A Rf"} 6 6 93.50 67 67 67 67 67
17 73 6 6 07 67 A 7 67 67 67
1 9 73 7 4 70
19 60.50 06 87 07 60.50 99 60.50 91
L Left leg
R Right leg
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3nn ? Q
Gluteal c i r c urnt er en c e (nri.Tt) g -? ■"’uinea oi
Group 72 hr post challenge Group /2 hr challens
M M  »* inP 'i i KH I 111- .•* I
! 0*£ f- ] Onw  i U  4— --j
Right leg
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!-• ■? n ‘ MIJ r p c  7() n ci 31
L‘ -ri y5 01 » tfaal cirCLimfsrencs measur einents (mm) of guinea pigs
{-.= - J.
Group 10 days post challenge Srouid 1 0 days chal lenge ccntrol
NM (GPI ) V{UA (P, P 7 *’i NM C GP1} B H (GP2)
p L R L R. L R
o 67 6 S.50 67 68.50 6 6  67 .4 7 AA
T 95 . 5 0 6 S. 5 0  yv 5 0  67 66 60 6 6  67
3 9 i) wO y A 6 6
7 99 67 S3-50 67 67 67 6 6  67
10 99 67 75-30 67 6 8 - 5 o 6 Q m50 67 67
i 2 105.50 67 80 6 6
14 106 .50 67 87 67 68.50 6 8 .50 A 7 6-7
17 1Q5>50 67 68.50 67 67 67
19 i • 86 67 90 66 98
’7 i ) i02.50 91. 50 A ~7 v i\ 66 95.50
24 85 7 7 67 85 63.5 83.50
27 78 74 67 87 68.5 86.50
L Left 1 eg
R Right leg
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